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(57) There is provided a method of reading informa- 
tion which makes it possible to suppress the size of 
hardware and a price thereof and to improve an SIN ratio 
of a reading signal and reading resolution, wherein even 
if depth of field for reading is enlarged or a concave/ 
convex portion or a blurred portion is left on the reading 
face, reading precision can be improved. The method 
includes steps of acquiring from a medium 1 t a signal 



containing binary digit information having a predeter- 
mined information length and a one-dimensional ar- 
rangement, extracting information concerning an ele- 
mental unit length of the information length of the binary 
digit information from the acquired signal, and reading 
a ratio of the binary digit information to the information 
length based on the extracted elemental unit length in- 
formation. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a method of reading information and an apparatus therefor, a method of 
acquiring a signal for use in an information reading apparatus, a method of processing band limitation, a method of 
extracting a timing point amplitude and a method of processing a signal thereof, a read signal processing unit, and a 
method of processing the read signal and a processing unit thereof, which are useful in a case when information 
contained in a bar code or the like is read with a bar code scanner, signal acquisition is made on a signal containing 
binary digit information deriving from information elements having a predetermined information length and arrayed 
one-dimensionally on a medium, and width information represented by binary digit amplitude information contained in 
the acquired signal is read in a form of integer number ratio. 

BACKGROUND ART 

[0002] A manner of information registration has been conventionally employed in a field of merchandise distribution 
in which bar codes are attached to commodities and these bar codes are read by a bar code reading apparatus (bar 
code scanner) so that information concerning the commodity such as a price or name thereof is registered in a register. 
[0003] The bar codes attached to the commodities are arranged in such a manner that the information concerning 
the ordinary commodities are coded and the coded information can be represented by an array of width information 
of respective black bars or white bars constituting the bar code (an integer number ratio of a width of respective white 
and black bars constituting the bar code). In the bar code reading apparatus, as for example shown in FIG. 70(a), a 
bar code 200 attached to such a commodity is exposed under an irradiation of a beam of light 201 such as a Gaussian 
beam, and an intensity variation signal 202 of the beam of light (see FIG. 70(c)) reflected on the surface of the bar 
code is received so as to read data represented by the variation of intensity contained in the intensity variation signal. 
The amplitude value of the intensity variation signal 202 is dependent of a color of respective bars constituting the bar 
code. 

[0004] The bar code reading apparatus as described above may have an outward appearance shown in FIG. 57. 
The bar code reading apparatus is classified into several types in one of which a beam of light generated by an LD 
(Laser Diode) or the like scans the bar code and a reflected ray of light thereof is examined to detect the white-black 
pattern of the bar code. Another type of the bar code reading apparatus is that an external ray of light generated by a 
CCD (Charge Coupled Device) or the like is irradiated on the bar code to detect the white-black pattern of the bar code. 
In a conventional bar code reading apparatus, whichever types the apparatus belongs to, a ratio of width of the white 
bar and black bar constituting the bar code (module ratio) is calculated in accordance with the following procedure (of 
[1] to [4]). 

[1] To receive the ray of light reflected on the bar code by an light receiving element so that the light receiving 
element generates an electric signal having an amplitude corresponding to the intensity of the ray of light. 
[2] To extract from the amplitude variation of the light-received signal a boundary signal (edge signal) representing 
a boundary of transition from the white bar to the black bar or a boundary of transition from the black bar to the 
white bar which constitute the bar code. 

[3] To measure the extracted edge signal distance by using a clock having a resolution of several tens times to 
several hundreds times the bar width as a bar width count representing the edge signal distance. 
[4] To determine the width of respective bars constituting the bar code based on the measured count, thereby to 
calculate a width ratio of the white-black bars. 

[0005] FIGS. 58 and 59 are block diagrams showing a conventional bar code reading apparatus, for example. As 
shown in FIG. 58, a bar code reading apparatus (see U.S. Patent No. 5,061 ,843) is an apparatus for reading bar code 
information by carrying out a signal processing mainly composed of analog processing, and arranged to include an 
optical scanning section 102A, and analog processing unit 102B and a digital processing unit 102C. 
[0006] According to the bar code reading apparatus shown in FIG. 58, a beam of light generated by an LD 102a-1 
of the optical scanning section 102A is led to a polygon mirror 102a-2, and with the rotation of the mirror the beam of 
light is made to scan the bar code 102 in a direction from the left end to the right end thereof (in the figure, direction 
from a to b), for example, with the result that respective black bars or white bars are exposed under the beam of light. 
[0007] The beam of light scanning the bar code 102 on the surface thereof is reflected with an intensity which cor- 
responds to the width of the black and white bars constituting a pattern of the bar code . The intensity of the reflected 
light beam is dependent of the color of the respective bars of the bar code. That is, if the light beam reflects on a white 
bar then the light beam comes to have a relatively large intensity while if the light beam reflects on a black bar then 



EP 1 357 505 A1 



the light beam comes to have a relatively small intensity. 

[0008] That is, when the laser beam is made to scan the bar code. 102, the returning light comes to have a signal 
waveform which is characterized by having a small amount of luminous energy upon scanning a black bar while having 
a large amount of luminous energy upon scanning a white bar (see Sig 10, 50e, 50f in FIG. 60). 
[0009] As for example shown in FIG. 60, the bar code reading apparatus introduces into the apparatus, an electric 
signal (see Sig 11) having an amplitude value which derives from detection on the above-described intensity variation 
of the reflected light beam (represented by reading of the signal Sig 10 on ordinate of FIG. 60), and thereafter the 
apparatus carries out a signal processing on the electric signal, whereby the bar code information can be read. The 
above-described signal processing is carried out in the following steps of (1) to (4). 

(1 ) A laser light beam generated from the LD1 02a-1 is made to scan the bar code 1 02 and the reflected light beam 
thereof is photo-eiectrically converted into an electric signal. 

(2) In an analog processing section 102B, an amplifying unit 102c effects a necessary amplifying processing on 
the electric signal deriving from the photoelectric conversion, and thereafter the amplified electric signal is subjected 
to a differentiation processing in a one-time differentiating unit 102d. That is, the photoelectric converted signal is 
differentiated to obtain a differentiated signal waveform 50j (signal Sig 12) having a peak at a boundary between 
a white bar and a black bar. This signal is added with a minute time delay to create another signal 50k (signal Sig 1 3). 

This differentiated signal (signal Sig 12) and the signal having added with a delay by the delaying processing 
unit 102e (signal Sig 13) are compared with each other to form the differentiated signal into an edge signal having 
an edge at a point corresponding to the peak in the differentiated signal. Then, the edge signal is converted into 
a digital signal. That is, a positive peak of the differentiated signal corresponds to an edge signal deriving from a 
change from a black bar to a white bar (WEG, see a signal Sig 14) while a negative peak of the differentiated signal 
corresponds to an edge signal deriving from change from a white bar to a black bar (BEG, see a signal Sig 15). 

In other words, when the signal 50j (Sig 12) and the signal 50k (Sig 13) are compared with each other by the 
comparator 102f, the edge signal WEG generated upon change from the black to the white and the edge signal 
BEG generated upon change from the white to the black can be obtained. 

Meanwhile, in order to prevent an undesirable edge generation at a portion 50s in which no differentiating 
response is present, there is provided a circuit gating an edge signal which is created when the differentiated signal 
50j stays within a constant rate level 501 of the differentiated signal 50 j itself. 

(3) In a width measuring unit 1 02g of a digital processing section 102C, edge signal distances of a bar image signal 
(i.e., a distance between a BEG and a WEG sequel to the BEG and a distance between a WEG and a BEG sequel 
to the WEG) are measured by a count of a clock 1 02h or the like (see signal Sig 1 6). The clock 1 02h for measuring 
the time distance between the pair of edge signals shall have a sufficient resolution. 

(4) In a module calculating unit 102i, a module number expressed as respective bar width data is calculated as a 
proportional calculation based on the count delivered by the width measuring unit 102g (see signal Sig 17). 

[0010] Ordinarily, code information expressed as a width information on a bar code is composed of integer number 
ratio data having a predetermined length known as a module as an unit. Each of the bar has a width of an integer 
multiple of the above-described module. In this case, the integer number ratio is obtained based on the bar width value 
by the width measuring unit 102g so as to find the module ratio. 

[001 1] Further, as shown in FIG. 59, an AD (Analog-Digital) converter 1 03d is provided to convert the acquired electric 
signal in the form of analog signal into a digital signal. The above-described signal processing shown in FIG. 58 can 
be carried out in the following steps of (1) to (5). According to the arrangement of the bar code reading apparatus 
shown in FIG. 59, signal processing is carried out in a digital manner in blocks corresponding to the blocks (see blocks 
identified by reference numerals 102d, 102e and 102f) of the aforesaid bar code reading apparatus shown in FIG. 58 
in which the signal processing is effected in an analog manner. 

(1) Similarly to the case of the bar code reading apparatus of FIG. 58, a laser light beam generated from an LD 
103a-1 is utilized for scanning a barcode 103 by using the rotation of a polygon mirror 103a-2, whereby a reflected 
light beam from the bar code 103 is received by a light receiving unit 103b and an optical signal is photoelectric- 
converted into an electric signal. 

(2) An amplifying unit 103c effects a necessary amplification processing on the electric signal supplied from the 
light receiving unit 103b, and thereafter the resulting signal is sampled in a digital manner by the A/D converter 
103d or the like. 

(3) A digital signal from the A/D converter 103d having added with a time delay difference by delaying units 103e 
and 103f is subjected to a differential processing in differential processing units 103h and 103i. 

That is, the differential processing unit 103h compares a signal from the A/D converter 103d and added with 
a delay time of t2 and the same signal added with a delay time of t1 with each other, and outputs a result as a 
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compared result signal A. Further, the differential processing unit 103d compares a signal from the A/D converter 
103d and added with a delay time of t1 and the same signal added with no delay time tO with each other, and 
outputs a result as a compared result signal B. 

(4) A comparator 103i compares difference signals supplied from the differential processing units 103g and 103h 
with each other so as to detect a point at which the largest variation is brought about and the output polarity is 
changed, and this point is outputted as an edge point. 

(5) Similarly to the case of the width measuring unit 102g of aforesaid FIG. 58, a width measuring unit 103j counts 
a distance between edge points by using a clock 103k. 

[0012] As described above, the code information expressed as width information on the bar code is composed of 
integer number ratio data made of a predetermined length unit known as a module. In both of the bar code reading 
apparatus shown in FIGS. 58 and 59 based on the conventional technology, measurement is made on the integer 
number ratio data by counting the edge signal distance by using a clock. 

[0013] In the conventional bar code reading apparatus shown in FIG. 58, however, if the bar code 102 has a blurred 
portion in printing, a concave-convex portion on the sheet of paper thereof (see portion shown at reference 50c in FIG. 
60) or the like, for example, such portion will cause a distortion in a waveform representing the luminous energy of the 
returning light beam (see reference 50g), with the result that even in the differentiated signal two peaks having a positive 
value are created continuously (see reference 50h and 50i). 

[0014] If the edge signal is created from the differentiating signal, two edge signals of the same kind will be created 
continuously. Therefore, when the bar width is counted in a final step, it follows that the count is made by using a false 
edge. Consequently, the count indicating the bar width will have an error (50q, 50r) relative to the inherent true value 
(see reference 50o, 50p). 

[0015] If calculation is made to obtain the integer number from the bar width value and the error is equal to or more 
than 0.5 module (in this example, the error is just equal to 0.5 module), erroneous recognition will be caused in the 
result of reading the bar code information. 

[0016] This erroneous recognition in the result of reading the bar code information due to the blur or the like on the 
bar code is mainly caused by the wide band characteristic of a circuit section including the light receiving unit 102b, 
amplifying unit and the differentiating unit, and the laser beam diameter. That is, as shown in FIG. 62, the arrangement 
of the bar code reading apparatus tends to have a characteristic that the scanning speed v is made slow to attain 
proper laser scanning at a window 57a while the depth of field for reading is made deep (L -> large) to make the beam 
scanning speed v fast. 

[0017] That is, when a bar code is brought close to the window 57a to carry out reading operation, then a distance 
between the LD 102a-1 or the polygon mirror 102a-2 and the bar code will become relatively short and the depth of 
field for reading will become shallow (L -> small). However, if the reading operation is carried out with the bar code 
remote from the window 57a, then the distance between the LD 102a-1 or the polygon mirror 102a-2 and the bar code 
will become relatively long and the depth of field for reading will become deep (L-> large). 

[0018] Accordingly, as shown in FIG. 61 , it is requested for the circuit characteristic to have awide band characteristic 
capable of covering from a low signal band (see reference 51 b) in which the beam scanning speed is slow and the bar 
code to be read is large to a high signal band (see reference 51c) in which the beam scanning speed is fast and the 
bar code to be read is small. 

[0019] As a consequence, when a bar code having a relatively large magnitude is made to scan near the window 
surface, a minute laser beam will pickup the aforesaid printing blur or an abrasion to yield an erroneous recognition. 
[0020] Moreover, as an influence from the beam diameter, for example, a light beam generated from the LD 102a- 
1 will be scattered as the depth of field for reading becomes deep. Thus, it becomes difficult for the light beam having 
a large diameter to accurately detect the reading bar code width with the reflected light beam thereof. 
[0021] What described above will be summarized as follows. That is, the above-described bar code reading appa- 
ratus shown in 58 encounters difficulties of (1) to (4) listed as follows. 

(1) In order to make the apparatus capable of processing a bar code signal deriving from a reading operation 
effected at a depth of field for reading L which can extend from a shallow point to a deep point, a circuit on the 
receiving side is requested to have a wide band frequency characteristic. Therefore, the amount of noise will be 
increased as the band is set to be wide, which fact will cause a problem that a signal to noise ratio (S/N) will be 
deteriorated. 

(2) Since the apparatus is requested to read a fine bar code, the laser beam is also requested to have a thin 
diameter. In this case, if the bar code has a concave/convex portion on the sheet of paper thereof or a blurred 
portion or the like on the bar thereof, this concave/convex portion will be picked up and the signal will reflect the 
concave/convex portion. As a consequence, aboundary signal representing the boundary between a white bar 
and a black bar can be generated at a point other than the desired point. This fact can cause an erroneous rec- 
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ognition of an edge between the white bar and the black bar. 

(3) Since the scanning is made by a laser light beam, deeper the depth of field for reading becomes, wider the 
beam diameter. Thus, the laser light beam cannot provide high resolution, and hence there can be a case that to 
read a label of a fine bar code becomes difficult. 

(4) When an edge signal is extracted, the signal will function as a bar image signal representing white or black of 
the bar code. In order to measure the width time of the bar image signal, the clock for counting the width time must 
have a time period short enough with respect to the bar width time. For this reason, a hardware operating at a high 
clock rate can become expensive and it might be requested to take a countermeasure against an EMI (electro- 
magnetic interference). 

[0022] Also the above-described bar code reading apparatus shown in FIG. 59 will encounter problems similar to 
those of (4) and (5) which are described with the aforesaid bar code reading apparatus shown in FIG. 58. In addition, 
the same bar code reading apparatus will encounter problems of (1 ) and (2) which will be described in the following. 

(1 ) In order to keep a bar width accuracy, the A/D converter is requested to have a high sampling frequency (equal 
to or more than about ten times the minimum reading bar width). For this reason, the signal frequency band is 
increased and the reading system of the apparatus will become more sensitive to a noise caused by the above 
problem or a noise deriving from a circuit thereof. Thus, an edge between the white and black portions of the bar 
width can be erroneously recognized. 

(2) As described above, the data shall be sampled at a high rate. When the resulting data is utilized up to the final 
step, a processor is requested to have a high performance capable of processing a large quantity of sampled data. 
Moreover, a larger memory is also requested to store the large quantity of sampled data. 

[0023] The present invention is made in view of the above aspect. Therefore, it is an object of the present invention 
to provide a method of reading information and an apparatus therefor, a method of acquiring a signal for use in an 
information reading apparatus, a method of processing band limitation, a method of extracting a timing point amplitude 
and a method of processing a signal thereof, a read signal processing unit, and a method of processing the read signal 
and a processing unit thereof, which makes it possible to suppress the size of hardware and a price thereof and to 
improve an S/N ratio of a reading signal and reading resolution, wherein even if depth of field for reading is enlarged 
or a concave/convex portion or a blurred portion is left on the reading face, reading precision can be improved. 

DISCLOSURE OF THE INVENTION 

[0024] According to the present invention, in order to attain the above objects, there is proposed a method of reading 
information characterized by including steps of acquiring from a medium, a signal containing binary digit information 
having a predetermined information length and a one-dimensional arrangement, extracting information concerning an 
elemental unit length of the information length of the binary digit information from the acquired signal, and reading a 
ratio of the binary digit information to the information length based on the extracted elemental unit length information. 
[0025] According to the present invention, there is also proposed a method of reading information characterized by 
including a step of acquiring a value from a signal containing binary digit information having a predetermined information 
length and deriving from information elements arrayed one-dimensionally on a medium at every equal time interval, 
wherein when an elemental unit length of the information length of the binary digit information is extracted from the 
acquired signal, the portion of the signal for extracting the state of the binary digit information from the medium infor- 
mation has a band narrower than that of the characteristic for differentiation based on the equal time interval. 
[0026] According to the present invention, there is also proposed a method of reading information from a medium 
having a mark recorded thereon, the mark representing a data group composed of a predetermined number of infor- 
mation element pairs each composed of a white region and a black region each having a width length and disposed 
alternately on the mark for representing the data group, the method of reading information achieving information reading 
by acquiring the data group information as an integer number ratio between the width length data of each information 
element pair, the method characterized by including steps of scanning a ray of light on the mark at a predetermined 
velocity to cause a reflected ray of light, detecting a signal having a variation corresponding to an intensity variation 
of the reflected ray of light deriving from the scanning in the scanning direction, thereby acquiring a signal containing 
binary digit information corresponding to the intensity variation of the reflected ray of light, extracting an elemental 
frequency corresponding to an elemental width time of the width data from the acquired signal, effecting band limitation 
on the acquired signal to obtain an optimum signal band based on the extracted elemental frequency, and reading 
integer number ratio between the data widths of each information element pair from the acquired signal having under- 
gone the band limitation based on the elemental frequency. 

[0027] According to the present invention, there is also proposed a method of reading information from a medium 
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having a mark recorded thereon, the mark representing a data group composed of a predetermined number of infor- 
mation element pairs each composed of a white region and a black region each having a width length and disposed 
alternately on the mark for representing the data group, the method of reading information achieving information reading 
by acquiring the data group information as an integer number ratio between the width length data of each information 
element pair, the method characterized by including steps of scanning a ray of light on the mark at a predetermined 
velocity to cause a reflected ray of light, detecting a signal having a variation corresponding to an intensity variation 
of the reflected ray of light deriving from the scanning in the scanning direction, thereby acquiring a signal containing 
binary digit information corresponding to the intensity variation of the reflected ray of light, extracting a timing point 
containing the width data from the acquired signal, and reading the integer number ratio between the data widths of 
each information element pair from the mark in accordance with the extracted timing point. 

[0028] According to the present invention, there is also proposed a method of reading information from a medium 
having a mark recorded thereon, the mark representing a data group composed of a predetermined number of infor- 
mation element pairs each composed of a white region and a black region each having a width length and disposed 
alternately on the mark for representing the data group, the method of reading information achieving information reading 
by acquiring the data group information as an integer number ratio between the width length data of each information 
element pair, the method characterized by including steps of scanning the mark with a ray of light running at a prede- 
termined velocity, receiving a ray of light coming from the outside and outputting an intensity variation detecting signal 
representing the intensity variation of the received ray of light, and determining whether or not the received ray of light 
is one having scanned the mark and reflected therefrom based on the intensity variation detecting signal, wherein in 
accordance with the result of determination, a signal reflected on the mark coming from an intensity variation detecting 
width information medium is acquired as a signal for reading information of the data group as an integer number ratio 
between the width length data of each information element pair, while any component of the intensity variation state 
detecting signal other than the component of the ray of light reflected on the mark is excluded from an object of the 
signal to be acquired. 

[0029] Further, according to the present invention, there is provided a read signal processing unit including means 
for acquiring a signal containing binary digit information having a predetermined information length and deriving from 
information elements arrayed one-dimensionally on a medium and extracting an elemental frequency corresponding 
to the elemental unit length of the information length of the binary digit information from the acquired signal, and means 
for effecting a band limiting processing on the acquired signal based on the extracted elemental frequency signal and 
thereafter extracting boundary information of the binary digit information. 

[0030] According to the present invention, there is also provided a read signal processing unit including means for 
acquiring a signal containing binary digit information having a predetermined information length and deriving from 
information elements arrayed one-dimensionally on a medium and extracting an elemental frequency corresponding 
to the elemental unit length of the information length of the binary digit information from the acquired signal, and means 
for effecting a band limiting processing on the acquired signal based on the extracted elemental frequency signal and 
thereafter extracting a ratio of the information length of the binary digit information. 

[0031] Further, according to the present invention, there is provided an information reading apparatus characterized 
by including a signal acquiring unit, an elemental frequency extracting unit for extracting an elemental frequency cor- 
responding to an elemental unit length of the binary digit information of the information length from the acquired signal, 
a band limiting unit for limiting a frequency band of the acquired signal based on the extracted elemental frequency 
information, a timing point extracting unit for extracting a timing point which is in synchronism with the acquired signal 
and has the elemental frequency based on the acquired signal and the elemental frequency information, an amplitude 
extracting unit for extracting an amplitude value of a signal from the band limiting unit in accordance with the timing 
point extracted by the timing point extracting unit, a tri-state value generating unit for generating tri-state value data 
from the amplitude values extracted by the amplitude extracting unit in accordance with the timing point, and a reading 
unit for reading a ratio of the binary digit information to the information length by calculating the tri-state value data 
generated by the tri-state value generating unit. 

[0032] According to the present invention, there is also provided an information reading apparatus for reading infor- 
mation from a medium having a mark representing a data group composed of a predetermined number of pairs of 
information elements, each of the information elements being composed of a white region and a black region disposed 
alternately with a certain width arranged to have an association with coded data, the information reading apparatus 
acquiring the data group information as an integer number ratio between the data widths of each information element 
pair. In this case, the information reading apparatus may be arranged to include a signal acquiring unit for detecting 
an analog signal having a variation corresponding to an intensity variation of a reflected ray of light which is caused 
by scanning the mark on the medium with a ray of light running at a predetermined velocity in the scanning direction, 
and effecting a sampling operation on the continuous signal at a predetermined sampling frequency to acquire the 
data group information represented by the mark recorded on the medium in a form of digital signal, an elemental 
frequency extracting unit for extracting an elemental frequency corresponding to an elemental unit length of the width 
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of the while region and the black region from the acquired signal in the form of digital signal, a band limiting unit for 
limiting a frequency band of the acquired signal based on the extracted elemental frequency information, a timing point 
extracting unit for extracting a timing point which is in synchronism with the acquired signal and has the elemental 
frequency based on the acquired signal and the elemental frequency information, an amplitude extracting unit for 
extracting an amplitude value of a signal from the band limiting unit in accordance with the timing point extracted by 
the timing point extracting unit, a tri-state value generating unit for generating tri-state value data from the amplitude 
values extracted by the amplitude extracting unit in accordance with the timing point, and a reading unit for reading a 
ratio of the binary digit information to the information length by calculating the tri-state value data generated by the tri- 
state value generating unit, wherein relationship among a width, bar [^x m] of the white region or the black region 
representing the elemental unit length of the binary digit information, the scanning velocity, vmax[m/s] of the scanning 
ray of light, and the sampling frequency, fs[MHz] can be expressed by an equation of 2 < fs/(2*bar/vmax) ^ 10 
[0033] In addition, according to the present invention, there is also provided an information reading apparatus com- 
posed of a signal acquiring unit for acquiring a signal containing binary digit information having a predetermined infor- 
mation length and deriving from information elements arrayed one-dimensionally on a medium and a reading process- 
ing unit comprising an elemental frequency extracting unit for extracting elemental frequency information corresponding 
to the elemental unit length of the information length of the binary digit information from the acquired signal supplied 
from the signal acquiring unit and an information length ratio extracting unit for effecting a band limiting processing on 
the acquired signal based on the elemental frequency signal extracted by the elemental frequency extracting unit and 
thereafter extracting a ratio of the information length of the binary digit information, the elemental frequency extracting 
unit including a differentiation processing unit for effecting a differentiating processing on the signal acquired from the 
medium in such a manner that the gain peak frequency is set to a value equal to or larger than the maximum frequency 
of the acquired signal in a signal acquisition allowable region, a squaring processing unit for effecting a squaring 
processing on a signal having undergone the differentiation processing in the differentiation processing unit, a frequency 
spectrum analyzing unit for analyzing the result deriving from the squaring processing effected by the squaring process- 
ing unit based on frequency spectrums, an inverse characteristic data calculating unit for calculating a characteristic 
data having a property inverse to an approximated characteristic data on the result of the frequency spectrum analysis 
supplied from the frequency spectrum analyzing unit, an analyzed result correcting unit for correcting the result of the 
frequency spectrum analysis by using the inverse characteristic data obtained by the calculation by the inverse char- 
acteristic data calculating unit, and an extracting unit for extracting a significant certain frequency except for 0Hz as 
the elemental frequency based on the result of the frequency spectrums analysis corrected by the analyzed result 
correcting unit. 

[0034] According to the present invention, there is proposed a method of acquiring a signal for use with an information 
reading apparatus having a signal acquiring unit for acquiring a signal containing binary digit information recorded on 
a medium so as to have a predetermined information length, the information reading apparatus being arranged to 
extract information regarding an elemental unit length of the information length of the binary digit information from the 
acquired signal, thereby to read a ratio of the binary digit information to the information length based on the extracted 
elemental unit length information, the method of acquiring a signal for use with the information reading apparatus 
characterized in that the signal acquiring unit acquires a signal containing the signal component and also a component 
other than one deriving from the medium having the binary digit information recorded thereon upon detecting a signal 
from the medium, determination is made on the acquired signal so as to identify a signal portion deriving from the 
medium having the binary digit information recorded thereon by using an amplitude averaging calculation processing, 
and the signal component deriving from the medium is cut out in accordance with the result of determination, and the 
cut-out portion is acquired as a signal containing the binary digit information. With this method, it becomes possible to 
exclude a signal portion containing no binary digit information from targets of acquisition. 

[0035] Further, according to the present invention, there is proposed a method of effecting a band limiting processing 
for use with an information reading apparatus, characterized in that as a preprocessing for reading the ratio data of 
the binary digit information to the information length, an elemental frequency corresponding to the elemental unit length 
is extracted from the acquired signal, and the frequency band of the acquired signal is limited based on the extracted 
elemental frequency. 

[0036] Furthermore, according to the present invention, there is proposed a method of extracting a timing point 
amplitude for use with an information reading apparatus, characterized in that as a preprocessing for reading the ratio 
data of the binary digit information to the information length, a timing point in synchronism with the acquired signal and 
having the elemental frequency is extracted based on the acquired signal and the elemental frequency information, 
an amplitude value of a signal from the band limiting unit is extracted in accordance with the extracted timing point, 
and tri-state value data is generated from the extracted amplitude values in accordance with the timing point. 
[0037] Further, according to the present invention, there is proposed a method of processing a read signal comprising 
steps of acquiring a signal containing binary digit information having a predetermined information length and deriving 
from information elements arrayed one-dimensionally on a medium, extracting an elemental frequency information 
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corresponding to the elemental unit length of the information length of the binary digit information from the acquired 
signal, effecting a band limiting processing on the acquired signal based on the extracted elemental frequency signal, 
and thereafter extracting a ratio of the information length of the binary digit information, the method of processing a 
read signal carrying out further procedure upon extracting the elemental frequency, the further procedure including 
steps of effecting a differentiation processing on the signal acquired from the medium in such a manner that the gain 
peak frequency is set to a value equal to or larger than the maximum frequency of the acquired signal in a signal 
acquisition allowable region, effecting a squaring processing on a signal having undergone the differentiating process- 
ing, analyzing the result deriving from the squaring processing based on frequency spectrums, calculating a charac- 
teristic data having a property inverse to an approximated characteristic data on the result of the frequency spectrum 
analysis, correcting the result of the frequency spectrum analysis by using the inverse characteristic data obtained by 
the calculation, and extracting a significant certain frequency except for 0Hz as the elemental frequency based on the 
result of analysis using the frequency spectrums. 

[0038] Further, according to the present invention, there is proposed a method of processing a read signal for use 
with an information reading apparatus including a signal acquiring unit for acquiring a signal containing binary digit 
information having a predetermined information length and deriving from information elements arrayed one-dimen- 
sionally on amedium, and a read signal processing unit for extracting an elemental frequency information corresponding 
to the elemental unit length of the information length of the binary digit information from the acquired signal, effecting 
a band limiting processing on the acquired signal based on the extracted elemental frequency signal, and thereafter 
reading a ratio of the information length of the binary digit information, the method of processing a read signal for use 
with the information reading apparatus carrying out further procedure upon extracting the elemental frequency by the 
read signal processing unit, the further procedure including steps of effecting a differentiation processing on the signal 
acquired by the signal acquiring unit in such a manner that the gain peak frequency is set to a value equal to or larger 
than the maximum frequency of the acquired signal in a signal acquisition allowable region, effecting a squaring 
processing on a signal having undergone the differentiation processing, analyzing the result deriving from the squaring 
processing based on frequency spectrums, calculating a characteristic data having a property inverse to an approxi- 
mated characteristic data on the result of the frequency spectrum analysis, correcting the result of the frequency spec- 
trum analysis by using the inverse characteristic data obtained by the calculation, and extracting a significant certain 
frequency except for 0Hz as the elemental frequency based on the result of the frequency spectrums analysis corrected. 
[0039] Further, according to the present invention, there is provided a read signal processing apparatus including 
an elemental frequency extracting unit for acquiring a signal containing binary digit information having a predetermined 
information length and deriving from information elements arrayed one-dimensionally on a medium and extracting 
elemental frequency information corresponding to the elemental unit length of the information length of the binary digit 
information from the acquired signal, and an information length ratio extracting unit for effecting a band limiting process- 
ing on the acquired signal based on the elemental frequency signal extracted by the elemental frequency extracting 
unit and thereafter extracting a ratio of the information length of the binary digit information, the elemental frequency 
extracting unit including a differentiation processing unit for effecting a differentiation processing on the signal acquired 
from the medium in such a manner that the gain peak frequency is set to a value equal to or larger than the maximum 
frequency of the acquired signal in a signal acquisition allowable region, a squaring processing unit for effecting a 
squaring processing on a signal having undergone the differentiation processing in the differentiation processing unit, 
a frequency spectrum analyzing unit for analyzing the result deriving from the squaring processing effected by the 
squaring processing unit based on frequency spectrums, an inverse characteristic data calculating unit for calculating 
a characteristic data having a property inverse to an approximated characteristic data which results from the frequency 
spectrum analysis supplied from the frequency spectrum analyzing unit, an analyzed result correcting unit for correcting 
the result of the frequency spectrum analysis by using the inverse characteristic data obtained by the calculation by 
the inverse characteristic data calculating unit, and an extracting unit for extracting a significant certain frequency 
except for 0Hz as the elemental frequency based on the result of the frequency spectrum analysis corrected by the 
analyzed result correcting unit. 

[0040] According to the method of reading information of the present invention, information concerning the elemental 
unit length of the information length of the binary digit information can be extracted from the acquired signal, and the 
ratio of the information length of the binary digit information can be read based on the extracted elemental unit length 
information. Therefore, it becomes possible to suppress a size of hardware and a price thereof and to improve the SI 
N ratio of the reading signal and reading resolution. Moreover, even if the depth of field for reading is enlarged or a 
concave/convex portion or a blurred portion is left on the reading face, reading precision can be improved. 
[0041] Further, according to the method of reading information of the present invention, when the elemental unit 
length of the information length of the binary digit information is extracted from the acquired signal, the signal portion 
in which the state of the binary digit information is extracted from the medium information can take a band narrower 
than that of the characteristic for differentiation of the equal time interval. Therefore, when at least the information 
length of the binary digit information is read, it becomes possible to carry out differentiation processing for limiting the 
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band to the optimum one. 

[0042] Furthermore, according to the read signal processing unit of the present invention, the arrangement thereof 
includes the means for extracting the elemental frequency and the means for extracting the boundary information of 
the binary digit information. Therefore, at least the process of band limiting and the tri-state value generation effected 
on the acquired signal can be independently shared by a group of function units which are provided separately with 
respect to another function unit. Therefore, the function units serving as the read signal processing unit can be incor- 
porated into another information processing system for the processing or the like. Thus, it becomes possible to diversify 
the variation of the system arrangement while keeping the general-use nature of the system. 
[0043] In addition, according to the information reading apparatus of the present invention, the band limiting unit 
limits the frequency band of the acquired signal and the ratio of the information length of the binary digit information 
can be read from the acquired signal in the optimum band. Therefore, the reading apparatus is not requested to have 
a circuit capable of handling a wide band characteristic on the receiving side thereof. Moreover, if the signal-to-noise 
ratio (S/N) is improved, the reading area can be enlarged, the reading resolution can be improved and the reading 
accuracy can be improved even when the medium itself contains a cause of reading noise. Furthermore, the reading 
apparatus can be free from being equipped with a clock operated at a high rate in order for measuring the elemental 
unit length of the information length of the binary digit information. Therefore, even if the sampling accuracy is lowered, 
the reading accuracy of the binary digit information can be kept high, and cost performance in hardware constituting 
the apparatus will be improved while the performance of the apparatus is enhanced. 

[0044] Furthermore, according to the method of acquiring a signal for use in the information reading apparatus of 
the present invention, when the signal acquiring section and units acquire a signal from the medium having the binary 
digit information recorded thereon, these section and units are supplied with a signal containing a signal component 
other than one deriving from the medium. Of the signals supplied thereto, a portion of the signal deriving from the 
medium having the bar code information recorded thereon is subjected to the amplitude averaging calculation process- 
ing to carry out determination. Then, the portion of the signal deriving from the medium is cut out in accordance with 
the result of determination, and the cut-out portion is acquired as a signal containing the binary digit information. Ac- 
cordingly, a signal portion other than one necessary for acquiring the binary digit information can be excluded from a 
target of subsequent signal processing in the information reading apparatus, and hence the processing load imposed 
on the apparatus can be decreased. 

[0045] Furthermore, according to the method of processing band limitation for use in the information reading appa- 
ratus of the present invention, as a preprocessing for reading the ratio data of the information length of the binary digit 
information, the elemental frequency corresponding to the elemental unit length is extracted from the acquired signal, 
and the frequency band of the acquired signal can be limited based on the extracted elemental frequency. Therefore! 
information concerning the elemental unit length of the information length of the binary digit can be extracted from the 
acquired signal, and on the basis of the extracted elemental unit length information, the ratio of the information length 
of the binary digit information can be read. Therefore, it becomes possible to suppress a size of hardware and a price 
thereof and to improve the S/N ratio of the reading signal and reading resolution. Moreover, even if the depth of field 
for reading is enlarged or a concave/convex portion or a blurred portion is left on the reading face, reading precision 
can be improved. 

[0046] Therefore, according to the present invention, as a preprocessing for reading the ratio of the information length 
of the binary digit information, extraction is made on the timing point synchronous with the acquired signal and having 
the elemental frequency based on the acquired signal and the elemental frequency information, extraction is also made 
on the amplitude value of the signal supplied from the band limiting unit in accordance with the extracted timing point, 
and the amplitude value can be led as the tri-state value data in accordance with the extracted timing point. Therefore," 
it becomes possible to improve the resolution in reading information together with the S/N ratio of the read signal! 
Furthermore, even if the depth of field for reading is enlarged or a concave/convex portions or a blurred portion are 
left on the reading face, the reading accuracy can be improved. In particular, if the signal acquisition is made on the 
photoelectric converted signal deriving from the reflected ray of light of a Gaussian beam, it becomes possible to correct 
distortion caused by delay of a group of circuits together with the distortion caused by intersymbol interference due to 
the Gaussian beam or the like. Therefore, the above-described reading resolution can be remarkably improved. Fur- 
thermore, since the module length is counted, it becomes unnecessary to carry out high rate sampling on the acquired 
signal, with the result that the cost for constructing the apparatus can be remarkably reduced. 
[0047] In addition, according to the present invention, information concerning the elemental unit length of the infor- 
mation length of the binary digit information can be extracted from the acquired signal, and the ratio of the information 
length of the binary digit information can be read based on the extracted elemental unit length information. Therefore, 
it becomes possible to suppress a size of hardware and a price thereof and to improve the S/N ratio of the reading 
signal and reading resolution. Moreover, even if the depth of field for reading is enlarged or a concave/convex portion 
or a blurred portion is left on the reading face, reading precision can be improved. Moreover, when the elemental 
frequency as the information concerning the elemental unit length is extracted, the result of the frequency spectrum 
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analysis can be corrected. Therefore, it becomes possible to expand the allowance of received light ray condition of 
the light ray which is necessary for reading the information length of the binary digit information. That is, when acquisition 
is made on an intensity variation signal of the reflected ray of the Gaussian beam which is irradiated on the medium, 
the binary digit information can be read regardless of the fact that the reflected ray of the Gaussian beam suffers from 
substantial degree of deterioration. Furthermore, the ray of light is received by a CCD, it becomes possible to expand 
the allowance of resolution of the CCD which is obliged to read the binary digit information. 
[0048] Further, if the present invention is applied for reading a bar code, even if the bar code reading operation is 
effected on a bar code composed of small width bars or the beam diameter of the Gaussian beam irradiated on the 
bar code is relatively large as compared with the bar width due to the condition of the operator's reading action, or the 
result of frequency spectrum analysis is deteriorated due to the CCD resolution under the condition that the bar code 
reading is carried out by using the bar code reading apparatus employing the CCD, the elemental frequency can be 
extracted accurately by correcting the deterioration with an easy processing. Therefore, the following advantages can 
be obtained. 

i) It becomes possible to expand the range of bar code that can be read by the bar code reading apparatus. In 
more concretely, the depth of field for reading can be varied depending on how the reading action is made by the 
operator. However, it becomes possible to enlarge the extent of conditions that allow the bar code reading apparatus 
to read the bar code. 

ii) A readable bar code width can be made narrower. 

iii) If the resolution of the CCD is low, the spectrum peak can be extracted by an easy processing at a high accuracy. 
Therefore, the reading accuracy can be improved. 

[0049] Moreover, owing to the optimum characteristic extracting unit or the median filter, in particular, when a spec- 
trum peak frequency point to be extracted by the extracting unit is left, the gain of the spectrum peak frequency point 
can be prevented from influencing upon the inverse characteristic data calculated by the reciprocal number data cal- 
culating unit and the interpolating unit. Accordingly, the spectrum peak frequency can be extracted by way of simple 
comparison among the spectrum intensities, with the result that it becomes possible to simplify the steps of extracting 
the module frequency and remarkably improve the accuracy of the steps of extraction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] 

FIG. 1 is a block diagram showing a bar code reading apparatus according to the present embodiment; 

FIG. 2 is a diagram for explaining a transversal filter employed in the bar code reading apparatus of the present 

embodiment; 

FIG. 3 is a diagram showing the transversal filter employed in the bar code reading apparatus of the present 
embodiment; 

FIGS. 4(a) to 4(d) are diagrams each for explaining the bar code reading apparatus according to one embodiment 
of the present invention; 

FIG. 5 is a block diagram showing a cut-out unit of the present embodiment; 

FIGS. 6(a) to 6(c) are diagrams each for explaining the cut-out unit of the present embodiment; 

FIG. 7 is a block diagram for explaining an operation of the cut-out unit of the present embodiment; 

FIG. 8 is a block diagram showing a modification of the cut-out unit of the present embodiment; 

FIGS. 9(a) to 9(c) are diagrams each for explaining the modification of the cut-out unit of the present embodiment; 

FIGS. 10 to 21 are all diagrams for explaining an adaptive-type band limiting differentiation introduced into the 

present embodiment; 

FIG. 22 is a block diagram showing an adaptive-type band limiting differentiating unit of the present embodiment; 
FIG. 23 is a block diagram for explaining an operation of the adaptive-type band limiting differentiating unit of the 
present embodiment; 

FIG. 24 is a block diagram showing a main portion of a first modification of the adaptive-type band limiting differ- 
entiating unit of the present embodiment; 

FIGS. 25 and 26 are diagrams each for explaining an operation of the first modification of the adaptive-type band 
limiting differentiating unit of the present embodiment; 

FIG. 27 is a flowchart for explaining the operation of a main portion of the adaptive-type band limiting differentiating 
unit of the present embodiment; 

FIG. 28 is a diagram for explaining the operation of the main portion of the adaptive-type band limiting differentiating 
unit of the present embodiment; 
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FIG. 29 is a block diagram showing an every module point amplitude extracting unit of the present embodiment; 
FIG. 30 is a diagram for explaining an operation of the every module point amplitude extracting unit of the present 
embodiment; 

FIGS. 3 1 (a) to 31 (c) are diagrams each for explaining the operation of the every module point amplitude extracting 
unit of the present embodiment; 

FIG. 32 is a diagram for explaining the operation of the every module point amplitude extracting unit of the present 
embodiment; 

FIGS. 33 and 34 are diagrams each for explaining the operation of the every module point amplitude extracting 
unit of the present embodiment; 

FIG. 35 is a block diagram showing a main portion of the every module point amplitude extracting unit of the present 
embodiment; 

FIGS. 36, 37, 38(a) to 38(c), 40 and 41 are diagrams each for explaining the operation of the every module point 
amplitude extracting unit of the present embodiment; 

FIG. 39 is a block diagram showing a main portion of the every module point amplitude extracting unit of the present 
embodiment; 

FIGS. 42 and 43 are block diagrams each for showing a main portion of a modification of the every module point 
amplitude extracting unit of the present embodiment; 

FIGS. 44 to 46 are diagrams for explaining the operation of the modification of the every module point amplitude 
extracting unit of the present embodiment; 

FIG. 47 is a block diagram showing a main portion of the every module point amplitude extracting unit of the present 
embodiment; 

FIG. 48 is a block diagram showing in detail an arrangement of the main portion of the every module point amplitude 
extracting unit of the present embodiment; 

FIGS. 49, 50(a) to 50(e) and 51(a) and 51(b) are diagrams each for explaining the operation of the every module 
point amplitude extracting unit of the present embodiment; 

FIGS. 52, 53 and 54(a) to 54(e) are diagrams each for explaining an advantage of the bar code reading apparatus 
of the present embodiment; 

FIGS. 55 and 56 are diagrams each showing another embodiment of the present invention; 
FIG. 57 is a diagram showing an outward appearance of the bar code reading apparatus; 
FIGS. 58 and 59 are block diagrams each showing a conventional bar code reading apparatus; 
FIGS. 60 to 62 are diagrams each for explaining an operation of the conventional bar code reading apparatus; 
FIG. 63 is a block diagram showing a module frequency extracting unit as a second modification of the adaptive- 
type band limiting differentiating unit of the present embodiment; 

FIG. 64(a) to 64(e) are diagram each for explaining an operation of the module frequency extracting unit as the 
second modification of the adaptive-type band limiting differentiating unit of the present embodiment; 
FIG. 65 is a diagram showing n-kinds of frequency characteristics F1 to Fn held in advance in a frequency char- 
acteristic database 11k; 

FIG. 66 is a diagram for explaining an operation of the module frequency extracting unit as the second modification 
of the adaptive-type band limiting differentiating unit of the present embodiment; 

FIG. 67 is a flowchart for explaining the operation of the module frequency extracting unit as the second modification 
of the adaptive-type band limiting differentiating unit of the present embodiment; 

FIG. 68 is a block diagram of the adaptive-type band limiting differentiating unit of the present embodiment to which 
reference is made to illustrate how the module frequency extracting unit is applied to one mode of arrangement 
to construct a third modification thereof; 

FIGS. 69(a) to 69(c) are diagrams each for explaining an operation of a median filter in the module frequency 

extracting unit as the third modification of the adaptive-type band limiting differentiating unit; 

FIGS. 70(a) to 70(c) are diagrams each for explaining an operation of the conventional bar code reading apparatus; 

and 

FIGS. 71 to 72 are diagrams each for explaining a problem that the present invention seeks to solve. 
BEST MODE FOR CARRYING OUT THE INVENTION 

[0051] Embodiments of the present invention will be hereinafter described with reference to drawings. 

(A-1 ) Explanation of Overall Construction of Bar Code Reading Apparatus to Which One Embodiment of the Present 
Invention is Applied 

[0052] Initially, an overall construction of a bar code reading apparatus according to the present embodiment will be 
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described. 

[0053] FIG. 1 is a block diagram showing the overall construction of the bar code reading apparatus according to 
one embodiment of the present invention. The bar code reading apparatus shown in FIG. 1 also has an outward 
appearance similar to that shown in FIG. 57. The bar code reading apparatus can read a bar code as a mark recorded 
on a medium. Also, the bar code reading apparatus is arranged to include an optical scanning section 1 A. an analog 
processing unit 1B, an AD converter 1d and a reading processing section 1C. 

[0054] In other words, the bar code reading apparatus of the present embodiment is arranged to acquire a signal 
containing binary digit information (width-length data represented by white regions and black regions constituting the 
bar code) disposed on the medium so as to have a predetermined information length. Further, the bar code reading 
apparatus is arranged to extract information concerning an elemental unit length (module) of the information length of 
the binary digit information from the acquired signal, and read a ratio of information length of the binary digit information 
(bar code information) based on the extracted elemental unit length information. 

[0055] The optical scanning section 1 A is arranged to include an LD1a-1 emitting a light beam and a polygon mirror 
1a-2 composed of a mirror face body reflecting the light beam from the LD1a- 1. The polygon mirror 1a-2 is rotated by 
a rotating driving force given by a motor, although not shown. The polygon mirror can provide a plural kinds of scanning 
patterns by varying the orientation of the reflected light beam. If the polygon mirror is employed in a bar code reader 
having a system shown in FIG. 57, the polygon mirror is provided near the inside of a reading window face 53a. 
[0056] The light beam emitted from the LD1a-1 is led to the outside (of the housing) through the reading window 53a 
owing to the rotation of the polygon mirror 1a-2. On the outside of the reading window 53a, a bar code 1 is held so that 
the bar code can be irradiated with the aforesaid light beam, whereby respective black bars or white bars of the bar 
code can be scanned by the light beam shifting in a direction from the left end to the right end thereof, for example. 
[0057] An analog processing section 1B is composed of a light receiving unit 1 and an amplifying unit 1c. The light 
receiving unit 1b receives a ray of light containing the reflected light beam irradiated on the aforesaid bar code 1 and 
entering from the outside through the reading window 53a. The light receiving unit also converts the ray of light into 
an electric signal in a photoelectric manner so that the amplitude value thereof corresponds to the intensity variation 
of the ray of light. The amplifying unit 1c is a unit for effecting a necessary amplifying processing on the photoelectric 
converted signal supplied from the light receiving unit 1b. 

[0058] The AD converter 1d is a unit for carrying out digital sampling on the photoelectric converted signal as an 
analog signal supplied from the amplifying unit 1c and outputting the resultant signal as a digital signal. The present 
embodiment may have a variation in which the AD converter 1d is obviated and an analog filter is provided so as to 
effect a band limiting differentiation processing to be effected at the downstream stage of the reading processing unit. 
[0059] The optical scanning section 1 A, the analog processing section 1B and the AD converter 1d are substantially 
similar to those shown in FIG. 59 (see references 103A, 103B, 103d). 

[0060] The optical scanning section 1A, the analog processing section 1B, the AD converter 1d and a cut-out unit 
1e function as a signal acquiring unit for acquiring a signal containing binary digit information having a predetermined 
information length deriving from the bar code disposed on the medium. 

[0061] The reading processing section 1C is arranged to include the cut-out unit 1e, an adaptive-type band limiting 
differentiating unit 1f, an every module point amplitude extracting unit 1i, a module number calculating unit 1m and a 
character arrangement checking unit 1n. 

[0062] The cut-out unit 1 e is a unit for extracting from the photoelectric converted signal, a signal which is presumably 
one deriving from the bar code, in order to reduce a load imposed on the processing to be effected in the downstream 
stage. That is, as will be described later on, the cut-out unit 1e examines each portion of a signal inputted thereto from 
the aforesaid AD converter 1d and determines whether the portion of the signal is a portion of the photoelectric con- 
verted signal deriving from the lay of light reflected on the bar code. If it is determined that the portion of the photoelectric 
converted signal is one deriving from the lay of light reflected on the bar code, this portion is cut out.and acquired for 
respective steps of signal processing carried out in the downstream stage. 

[0063] The adaptive-type band limiting differentiating unit 1f is arranged to include a module frequency extracting 
unit 1g for extracting a frequency corresponding to an elemental module of the bar code signal, a band limiting differ- 
entiation processing unit 1h for limiting a frequency band of a signal supplied from the cut-out unit 1e based on the 
frequency extracted by the module frequency extracting unit 1g, and a decimation processing unit 1h' for effecting 
decimation to reduce the data amount of a signal supplied from the band limiting differentiation processing unit 1h. 
The arrangement of the adaptive-type band limiting differentiating unit if will be described in detail later on. 
[0064] The module frequency extracting unit 1g has a function as an elemental frequency extracting unit for extracting 
an elemental frequency corresponding to an elemental unit length of the information length of the binary digit information 
from the acquired signal. The band limiting differentiation processing unit 1h has a function as a band limiting unit for 
limiting the frequency band of the acquired signal based on the extracted elemental frequency information. The every 
module point amplitude extracting unit 1i is arranged to include amodule timing signal extracting unit 1j for extracting 
a timing signal of the module in accordance with a frequency corresponding to the elemental module extracted by the 
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aforesaid adaptive-type band limiting differentiating unit 1f, an amplitude extracting unit 1k for extracting an amplitude 
value of a differentiated signal by using the timing signal, and a tri-state value generating unit 11 for forming the am- 
plitude value extracted by the amplitude extracting unit 1i into an edge signal composed of tri-state data which can 
take any of three values of "+1" , "0" and "-1". 

[0065] The aforesaid timing signal extracting unit 1j has a function as a timing point extracting unit for extracting a 
timing point synchronized with the acquired signal and having the elemental frequency, based on the acquired signal 
and the elemental frequency information which are supplied from the adaptive-type frequency band limiting differenti- 
ating unit 1f. The amplitude extracting unit 1k has a function for extracting an amplitude value from a signal supplied 
from the band limiting unit (the adaptive-type frequency band limiting differentiating unit 1f) in accordance with the 
timing point extracted by the timing point extracting unit. The tri-state value generating unit 11 has a function as a tri- 
state value generating unit for leading an amplitude value as the tri-state data in accordance with the timing point 
extracted by the amplitude extracting unit. 

[0066] The module number calculating unit 1m is a unit for reading the bar code information expressed as awidth 
length of respective bars constituting the bar code based on the tri-state data supplied from the every module point 
amplitude extracting unit 1i. 

[0067] The character arrangement checking unit 1n is a unit for demodulating a bar code character of the data 
arrangement pattern of the bar code information read by the aforesaid module calculating unit 1m with reference to 
the bar code standard. 

[0068] As described above, according to the bar code reading apparatus of the present embodiment, the mark (bar 
code) is composed of white regions and black regions as information elements with width length data, and the white 
regions and the black regions are alternately disposed to represent a data group having a predetermined set of infor- 
mation elements, and the bar code reading apparatus acquires information from the bar code attached on a medium 
by reading the data group information as an integer number ratio between each pair of width length data. 
[0069] Then, the optical scanning section 1A makes a ray of light scan the upper surface of the bar code at a pre- 
determined speed, the analog processing section 1 B receives a reflected ray of light deriving from the scanned ray of 
light reflected on the mark and detects intensity variation information corresponding to the scanning in the aforesaid 
direction as a signal, whereby the analog processing section acquires a signal containing binary digit information cor- 
responding the intensity variation of the reflected ray of light. 

[0070] Further, the module frequency extracting unit 1g extracts the elemental frequency corresponding to the ele- 
mental width time of the width length data from the acquired signal, the band limiting differentiating unit 1h limits the 
signal band of the acquired signal so that the acquired signal has an optimum signal band, based on the extracted 
elemental frequency, and the every module point amplitude extracting unit 1i, the module number calculating unit 1m 
and the character arrangement checking unit 1n reads the integer number ratio between each pair of width length data 
from the acquired signal having undergone the band limitation, based on the elemental frequency. 
[0071] In more concretely, the optical scanning section 1A generates a plural patterns of laser scanning patterns. 
When one of the generated patterns scans the bar code, that is, the laser beam scans the bar code, the luminous 
energy variation of the reflected ray of light from the bar code 1 is collected and the light receiving unit 1 b converts the 
luminous energy into an electric signal. 

[0072] The bar code reflects the ray of light with different amount of luminous energy depending on on which of the 
white bar and the black bar the reflection is brought about. Therefore, the reflected ray of light comes to have a luminous 
energy variation depending on the white portion and the black portion. The luminous energy variation is subjected to 
a proper amplifying processing in the light receiving element amplifier 1c made up of pin photodiodes or the like. 
Thereafter, the resulting signal is subjected to a sampling process in the AD converter 1 d (to carry out analog-to-digital 
conversion). 

[0073] The cut-out unit 1e extracts from the output series from the AD converter 1d, a signal portion (see signal 1p) 
having a feature presumably deriving from the bar code 1 . The cut-out unit prevents the rest of the signal portions from 
being supplied to the next stage. Thus, the processing blocks of the downstream stage can be relieved from a lot of 
processing load. 

[0074] The adaptive-type band limiting differentiating unit if removes undesirable noise components from the signal 
portion 1p which is cut out by the cut-out unit 1e so as to have the feature presumably deriving from the bar code. 
Thus, the signal portion is subjected to the band limiting processing so that the signal portion has an optimum signal 
band and secures only a component necessary for extracting the module. 

[0075] In order to realize the above arrangement, initially, the module frequency extracting unit 1g extracts a fre- 
quency component corresponding to one module (elemental module) of the bar code (see signal 1r) from the input 
signal 1p. In response to the result 1r thereof, a filter serving as the band limiting differentiation processing unit 1h is 
provided and this input signal 1p is inputted into the filter 1h. The band limited differentiation signal is reliably given 
information necessary for extracting the module and has been limited to have the narrowest band. Therefore, this 
signal has the smallest noise level. 
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[0076] In other words, the filter serving as the band limiting differentiation processing unit 1h is arranged in accord- 
ance with the frequency extracted by the module frequency extracting unit 1g. This filter removes high frequency noise 
causing deterioration in the width information extracting accuracy, and also this filter allows only a minimum band 
necessary for extracting the width information to pass therethrough. 

[0077] A signal passing through the filter 1h is subjected to a decimation processing for carrying out decimation to 
reduce the amount of data. The resulting signal is supplied to the every module point amplitude extracting unit 1i as a 
signal 1q. 

[0078] The module-timing signal extracting unit 1j extracts a timing signal is corresponding to a module from the 
signal 1q which has been subjected to the band limiting processing in the adaptive-type band limiting differentiation 
unit 1f. In accordance with the timing signal 1s, an amplitude value of the signal 1q is extracted (see signal 1t). Since 
the signal 1t generates information indicative of whether or not an edge point is present at every module timing, it 
becomes unnecessary to count a bar width by using an excessively high rate clock. Also, it becomes unnecessary to 
calculate the ratio of the module. 

[0079] In other words, the every module point amplitude extracting unit 1i finds a point 1s corresponding to a timing 
of the module from the signal 1q which has passed through the adaptive-type band limiting differentiating unit 1f. In 
accordance with the timing, an amplitude value of the differentiated signal 1q having undergone the band limiting 
operation is extracted and the amplitude value is supplied to the subsequent tri-state value generating unit 11 (signal 
1t). At this time, deviation between the real module timing point and the module timing point determined by the sampling 
is detected and this deviation is corrected, whereby the timing accuracy is secured. 

[0080] The tri-state value generating unit 11 generates a series of tri-state values composed of any of "+1", "0", 
based on the aforesaid signal 1t, and supplies the resultant signal to the subsequent module number calculating unit 
1m (see signal 1u). At this time, if the scanner is a type in which laser beam is utilized for the scanning, decrease in 
resolution due to the Gaussian beam (intersymbol interference) is corrected. 

[0081] Further, when the tri-state value generating unit 11 carries out tri-state value allocation to the amplitude value 
of every module timing point, automatic equalizing processing is effected based on the least-squares method. When 
a laser beam is employed for reading a bar code held in a reading area remote from the apparatus, the beam diameter 
will be expanded. But owing to the automatic equalizing processing based on the least-squares method, the intersymbol 
interference can be prevented from being brought about. 

[0082] The module number calculating unit 1m calculates the bar code information as a module pattern expressed 
by the white-black level bar code, based on the aforesaid tri-state value data, and outputs the result of calculation to 
the character arrangement checking unit 1n (see signal 1v). The character arrangement checking unit 1n examines 
the calculated module pattern with reference to the bar code standard. Thus, the bar code character can be demodu- 
lated (1w). 

[0083] As described above, according to the bar code reading apparatus of the present embodiment, the adaptive- 
type band limiting differentiating unit if limits the frequency band of the acquired signal. Therefore, the subsequent 
every module point amplitude extracting unit 1 i and the module number calculating unit 1 m can carry out signal process- 
ing for reading the information length ratio of the binary digit information from the acquired signal in an optimum band. 
Accordingly, the receiving side circuit need not handle a wide area of frequency band, the signal to noise ratio (S/N) 
can be improved, a reading area thereof can be expanded, and reading resolution can be also improved. Moreover, if 
the medium itself contains a cause of reading noise, the reading accuracy is also improved. 
[0084] Further, when the elemental unit length of the information length of the binary digit information is measured, 
it becomes unnecessary to prepare a high rate clock. Thus, even if the sampling accuracy is set to not very high level, 
the level of accuracy in reading the binary digit information can be kept high. Therefore, even a clock driving at a 
relatively low rate can manage the generation of the sampling frequency. Accordingly, the cost of hardware for con- 
structing the apparatus arrangement can be remarkably decreased. 

[0085] Furthermore, according to the present embodiment, it is possible to extract from the acquired signal, the 
module frequency corresponding to the module length time in the bar width length data, limit the signal band of the 
acquired signal so as to make the acquired signal have an optimum signal band based on the extracted module fre- 
quency, and read the integer number ratio between respective bar width length data from the acquired signal having 
undergone the band limitation based on the module frequency. Therefore, the receiving side circuit need not handle a 
wide area of frequency band, the signal to noise ratio (S/N) can be improved, with the result that advantage similar to 
those of the above case can be obtained. 

(A-2) Description of Transversal Filter Employed in Main Portion of Present Embodiment 

[0086] FIG. 3 is a block diagram showing a transversal filter employed in a main portion of the present embodiment. 
A transversal filter is a digital filter in which tap coefficients are set to obtain a filter characteristic. This transversal filter 
is arranged to include delaying units 2a-1 to 2a-8, multipliers 2b-1 to 2b-9, a total sum arithmetic operator 2c, and a 
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tap coefficient holding unit 2d for holding therein nine tap coefficients. 

[0087] When sampling is effected on an analog waveform such as one shown in FIG. 2 to obtain finite set of digital 
data X0, — , and this finite set of digital data is subjected to the transversal filter, then an output signal Y0, of which 
coefficient values are dependent of the following equation (1 ) can be obtained. 

Yn = 2CiXn-i (1) 

[0088] The transversal filter employed in the main portion of the bar code reading apparatus according to the present 
embodiment is arranged to have a necessary number of steps for obtaining a desired characteristic. 

(A-3) Band Limitation for Signal to be Processed by Reading Processing Unit 

[0089] According to the present embodiment, the bar code reading apparatus acquires a signal containing the binary 
digit information having a predetermined information length deriving from a ray of light reflected on information elements 
which are arrayed in a one-dimensional manner on the medium (signal for detecting the intensity variation of a ray of 
light reflected on the bar code). Information regarding the elemental unit length (bar code module length) of the infor- 
mation length of the binary digit information is extracted from the acquired signal 1 p, and a ratio of the information 
length of the binary digit information (bar code information) is extracted based on the extracted elemental unit length 
information. 

[0090] FIGS. 4(a) to 4(d) are diagrams each for explaining a band limiting characteristic for the signal in the reading 
processing section 1C of the present embodiment. 

[0091] As for example shown in FIG. 4(c), if the reading processing section is supplied with an input signal (x) com- 
posed of sequential digits of "0" . "0" , "1", "0" , "0" having a rectangular pattern (see a solid line waveform in the 
diagram), this signal can be differentiated by using a differentiating circuit including a delaying unit 4a and an adding 
unit 4b shown in FIG. 4 (a). Thus, the signal will be converted into a signal composed of sequential digits of "0", "1", 
M -r, "0" (output signal (y); see a dot line waveform in the same diagram). In this way, it becomes possible to extract 
an edge at which the input signal changes its status from "0" to "1" or an edge at which the input signal changes its 
status from "1* to "0". 

[0092] The differentiating circuit shown in FIG. 4(a) employs a time interval of differentiation which is equivalent to 
the elemental module of the bar code (T=1 module). If the differentiating processing is effected at an interval shorter 
than that interval, the response waveform will become sharp as shown in FIG. 4(b) while if the differentiating processing 
is effected at an interval longer than that interval, the response waveform will become blunt as shown in FIG. 4(d). 
[0093] As a manner of band processing effected in the reading processing section 1C of the present embodiment, 
it is recommendable for the time interval to be set to one corresponding to the elemental module of the bar code so 
as to attain an optimum signal processing. However, if the signal processing is effected at the time interval set to one 
shorter than the elemental module, an excessive noise sensitivity can be caused in the reading processing section. 
Conversely, if the signal processing is effected at the time interval set to one longer than that time interval, then as 
shown in FIG. 4(d), an intersymbol interference is brought about due to the input pattern, leading to a waveform dis- 
tortion, with the result that it becomes difficult to find an expected edge. 

[0094] Accordingly, as for the band limiting characteristic of the reading processing section 1C of the present em- 
bodiment, arrangement is made to provide a differential processing characteristic of a time interval to respective steps 
of processing stemming from one at which the intensity variation detecting signal is acquired from the aforesaid reflected 
ray of light to one at which the integer number ratio between each pair of width length data pieces can be read. That 
is, the respective steps of processing come to have a differential processing characteristic of a time interval which is 
substantially equivalent to a time (elemental width time) corresponding to the elemental unit length (module length) or 
a time interval slightly smaller than that time interval. 

[0095] As described above, according to the present embodiment, information regarding the module length of the 
information length of the barcode information is extracted from the acquired signal, and the barcode information can 
be read based on the extracted module length information. Therefore, it becomes possible to suppress the size of 
hardware and a price thereof and to improve the S/N ratio of the reading signal and reading resolution. Moreover, even 
if the depth of field for reading is enlarged or a concave/convex portion or a blurred portion is left on the reading face, 
reading precision can be improved. 

(B-1 ) Description of Cut-out Unit of Bar Code Reading Apparatus According to Present Embodiment 

[0096] Subsequently, an arrangement of the cut-out unit 1e of the bar code reading apparatus according to the 
present embodiment will be hereinafter described with reference to FIGS. 5 to 7. 



EP 1 357 505 A1 



[0097] FIG. 5 is a block diagram showing in detail the cut-out unit 1e of the bar code reading apparatus according 
to the present embodiment. As shown in FIG. 5, the cut-out unit 1e is arranged to include a feature extracting unit 30a, 
a determining unit 30b and a gate 30h. 

[0098] The feature extracting unit 30a is a unit for extracting a feature of the photoelectric converted signal of the 
digital signal supplied from the AD converter 1d. This unit is arranged to include a wide band differentiation processing 
unit 30c, a squaring processing unit 30d and a moving average calculating unit 30e. 

[0099] The wide band differentiation processing unit 30c is a unit for effecting wide band differentiation processing 
on a photoelectric converted signal of the digital signal supplied from the AD converter 1d so as to remove noise 
therefrom. The squaring processing unit 30d is a unit for carrying out squaring calculation processing at every sampling 
data on the photoelectric converted signal having undergone the wide band differentiation processing in order to facil- 
itate the subsequent operation of comparing amplitude values with each other. The moving average unit 30e is a unit 
for calculating moving average on the digital signal having undergone the squaring calculating processing in the squar- 
ing processing unit 30d. 

[0100] For example, the AD converter 1d converts an analog waveform (x) such as one shown in FIG. 6(a) into a 
digital signal, and this digital signal is supplied to the wide band differentiation processing unit 30c in which the digital 
signal is subjected to the wide band differentiation processing Thus, a digital signal corresponding to an analog wave- 
form shown in FIG. 6(b) is obtained. Further, this signal is subjected to the squaring calculation processing in the 
squaring processing unit 30d, and thereafter the moving average unit 30e calculates a moving average of 300 taps, 
for example. Thus, a digital signal corresponding to an analog waveform (y) shown in FIG. 6(c) can be obtained. 
[0101] Further, the determining unit 30b has a threshold value holding unit 30f and a comparing unit 30g. When the 
determining unit is supplied with a result of moving average calculated by the aforesaid feature extracting unit 30a, the 
comparing unit 30g compares the value as the result of calculation with a predetermined threshold value held in the 
threshold value holding unit 30f. In this way, it is determined whether the supplied photoelectric converted signal is a 
signal deriving from the ray of light reflected on the bar code or not. 

[0102] In more concretely, the comparing unit 30g examines whether or not the value is larger than the predetermined 
threshold value. If it is determined that the value exceeds the threshold value, then a signal falling in a section in which 
the moving average calculation is effected is a bar code signal. On the other hand, if the value does not exceed the 
threshold value, then it is determined that the signal is any other signal than the bar code signal. That is, since the 
squaring processing unit 30d squares the amplitude data, the value of the signal having undergone the moving average 
processing will be enlarged, with the result that it becomes easier to determine whether the signal derives from the ray 
of light reflected on the bar code or not based on the magnitude of the amplitude value. 

[0103] In other words, the above-described feature extracting unit 30a and the determining unit 30b function as a 
determining unit for determining whether or not the electric signal supplied from the light receiving unit 1b is created 
by converting a ray of light reflected on the bar code as a medium into the electric signal. 

[0104] The gate unit 30h is supplied with a signal of the result of comparing determination from the comparing unit 
30g. If it is determined that the input signal is an electric signal deriving from the conversion on the ray of light reflected 
on the bar code, then a component of the input signal is acquired in order for the subsequent signal processing. Con- 
versely, if it is determined that the input signal is an electric signal deriving from the conversion on any other ray of 
light than one reflected on the bar code, then the component of the input signal is excluded from a target to be acquired 
for the subsequent signal processing. 

[0105] Meanwhile, the aforesaid threshold value holding unit 30f may be arranged to hold a half value (y(half)) of a 
value (y(max)) acquired as the maximum value of the moving-averaged value as a threshold value. When the aforesaid 
comparing unit 30g and the gate unit 30h carries out the cut-out processing on the input signal, as for example shown 
in FIG. 7, the cut-out section may be set to data (t1 to t2) corresponding to twice the time period in which the moving- 
averaged value exceeds the threshold value. 

[0106] With the above arrangement, when a signal is acquired, the cut-out unit 1e is supplied with a bar code signal 
containing a signal other than one deriving from the medium (barcode) having binary digit information recorded thereon. 
The feature extracting unit 30a and the determining unit 30b effects the amplitude averaging calculation processing 
on a portion of the signal taken out of the input signal which derives from the medium having the binary digit information 
recorded thereon. Thus, determination is carried out. The gate unit 30h cuts out the portion of the signal from the bar 
code in accordance with the result of determination provided by the determining unit 30b. Then, the cut-out portion is 
acquired as a signal containing the binary digit information. 

[0107] As described above, according to the present embodiment, the feature extracting unit 30a and the determining 
unit 30b can examine whether or not the electric signal supplied from the photoelectric converting unit 1b derives from 
conversion on a ray of light reflected on the medium into the electric signal, and the gate unit 30h responds to the result 
of determination in such amanner that a signal component determined as one deriving from conversion on the reflected 
ray of light is acquired as an acquired signal while a signal component determined as one deriving from conversion on 
any other ray of light than the reflected ray of light is excluded from a target to be acquired as an acquired signal. 
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Accordingly, a signal portion other than one necessary for acquiring the binary digit information can be excluded from 
a target of subsequent signal processing in the information reading apparatus, and hence the processing load imposed 
on the apparatus can be decreased. 

[0108] Furthermore, according to the present invention, when the signal acquiring section and units 1B, 1d and 1e 
acquire a signal from the medium having the bar code information recorded thereon, these section and units are sup- 
plied with a signal containing a signal component other than one deriving from the medium. Of the signals supplied 
thereto, a portion of the signal deriving from the medium having the bar code information recorded thereon is subjected 
to the amplitude averaging calculation processing to carry out determination. Then, the portion of the signal deriving 
from the medium is cut out in accordance with the result of determination, and the cut-out portion is acquired as a 
signal containing the binary digit information. Accordingly, a signal portion other than one necessary for acquiring the 
binary digit information can be excluded from a target of subsequent signal processing in the information reading 
apparatus, and hence the processing load imposed on the apparatus can be decreased. 

(B-2) Description of Cut-out Unit of Bar Code Reading Apparatus as Modification of Present Embodiment 

[0109] In addition to the arrangement shown in FIG. 5, the above-described cut-out unit 1e can be implemented by 
an arrangement shown in FIG. 8. That is, the cut-out unit 1e shown in FIG. 8 is arranged to include a feature extracting 
unit 31a, a determining unit 31b and a gate 31 n. However, the main portions thereof are different from each other. 
[0110] The feature extracting unit 31a is arranged to include a differentiation processing unit 31c, a squaring process- 
ing unit 31 d, a moving average unit 31 e, a first threshold value holding unit 31f, a first comparing unit 31 g and a gate 
unit 31h. Each of the differentiation processing unit 31c, the squaring processing unit 31d, the moving average unit 
31e, the first threshold value holding unit 31f, and the first comparing unit 31g has a function similar to that of corre- 
sponding one of components (see references 30c to 30g) in FIG. 5. 

[0111] The gate unit 31 h is a unit for carrying out cut-out processing on a signal squared by the squared processing 
unit 31d (squared signal) based on the result of comparison supplied from the first comparing unit 31g. 
[0112] In more concretely, if the comparing unit 31 g determines that the input signal is one deriving from conversion 
into the electric signal on a ray of light reflected on the bar code, the squaring processing unit 31 d carries out cut-out 
processing on the differentiated squared signal corresponding to the signal component to supply to the determining 
unit 31b. Conversely, if the comparing unit 31g determines that the input signal is one deriving from conversion into 
an electric signal on the electric signal of a ray of light other than one reflected on the bar code, the squaring processing 
unit 31 d excludes the differentiating squared signal corresponding to the signal component from a target of acquisition 
for the signal processing in the determining unit 31b. 

[0113] The determining unit 31b is arranged to receive a signal supplied from the above-described feature extracting 
unit 31 a and determines whether or not the electric signal from the light receiving unit 1 b is one deriving from conversion 
on a ray of light reflected on the bar code. This determination can be made at an accuracy of noise signal removal 
higher than that of the determination in the arrangement shown in FIG. 7. The determining unit is arranged to include 
a mean value calculating unit 31 i, a maximum value extracting unit 31j, a division processing unit 31k, a second thresh- 
old value holding unit 311, and a second comparing unit 31m. 

[0114] The mean value calculating unit 31 i is a unit for calculating a mean value of the differentiated squared signal 
falling in a section cut out by the gate unit 31 h of the feature extracting unit 31a. The maximum value extracting unit 
31j is a unit for extracting the maximum value of the differentiated squared signal falling in the above-described cut- 
out section. The division processing unit 31k is aunit for dividing the maximum value supplied from the aforesaid max- 
imum value extracting unit 31 j by a mean value supplied from the mean value calculating unit 31 i. 
[0115] The second comparing unit 31m is a unit for examining whether or not the result of arithmetic operation from 
the division processing unit 31k stays under a threshold value held in the second threshold value holding unit 311. If 
the result of arithmetic operation stays under the threshold value, then it is determined that the signal falling in the 
section is one deriving from conversion into an electric signal on a ray of light reflected on the bar code. Conversely, 
if the result of arithmetic operation does not stay under the threshold value, then it is determined that the signal falling 
in the section is an electric signal deriving from conversion on a ray of light other than one reflected on the bar code. 
[0116] In other words, the aforesaid gate unit 31h carries out examination on a value deriving from dividing the 
maximum value of the signal falling in the cut-out section by the mean value. Then, the difference between the maximum 
value and the mean value is examined. If it is determined that the difference is smaller than the threshold value, then 
the signal is regarded as a bar code signal and cut out. That is, the signal of the bar code portion has a nature that an 
amplitude variation is relatively even as compared with other noise portions. Therefore, if the difference between the 
maximum value and the mean value is relatively small as compared with those of signals of other sections, then the 
signal can be regarded as a bar code signal. 

[0117] Similarly to the corresponding component (one identified by reference 30h) in FIG. 5, the gate unit 31 n re- 
sponds to the result of comparing determination supplied from the second comparing unit 31m in such a manner that 
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if the input signal is one deriving from the conversion into the electric signal on the ray of light reflected on the bar 
code, then the component of the signal falling in the section is acquired for the subsequent signal processing, and if 
the input signal is one deriving from the conversion into the electric signal on one other than the ray of light reflected 
on the bar code, then the component of the signal falling in the section is excluded from a target of acquisition for the 
subsequent signal processing. 

[0118] When the above-described arrangement examines the ray of light received by the light receiving unit 1b to 
determine whether the ray of light is one scanning the bar code (mark) by the optical scanning section 1 A, the following 
steps are carried out. That is, the wide band differentiation processing unit 31c effects differentiation processing on 
the optical signal containing a variation of intensity thereof, the squaring processing unit 31 d squares the differentiated 
signal supplied from the wide band differentiation processing unit 31c, and thereafter the moving average unit 31e 
calculates a moving average on the differentiated squared signal supplied from the squaring unit 31 d. 
[0119] The first comparing unit 31 g examines whether the calculated moving average value exceeds a predetermined 
first threshold value or not. The gate unit 31 h responds to the result of determination supplied from the first comparing 
unit 31g in such a manner that if it is determined that the moving average value exceeds the first threshold value, then 
the differentiated squared signal is validated while if it is determined that the moving average value does not exceed 
the first threshold value, then the differentiated squared signal is invalidated. 

[0120] The mean value calculating unit 31 i is supplied from the gate unit 31h with the differentiated squared signal 
falling in the effective period, and calculates a mean value of the differentiated squared signal. The maximum value 
extracting unit 31j extracts the maximum value of the differentiated squared signal falling in the effective period supplied 
from the gate unit 31h. 

[0121] The dividing unit 31k divides the maximum value extracted by the aforesaid maximum value extracting unit 
31j by the mean value calculated by the mean value calculating unit 31 i, so that calculation is made to determine 
difference between the mean value and the maximum value of the differentiated squared signal falling in the validated 
period. 

[0122] The second comparing unit 31m compares a divided value representing the difference between the mean 
value and the maximum value calculated by the dividing unit 31k with a second threshold value held in the second 
threshold value holding unit 311, and outputs the result of comparing determination to the gate unit 31n. 
[0123] The gate unit 31 n responds to the result of comparing determination supplied from the second comparing 
unit 31 m in such a manner that if the divide value is smaller than the second threshold value, then a part of the intensity 
variation state detecting signal is cut out at the corresponding period and only the cut-out portion of the signal is acquired 
to feed it to the subsequent adaptive-type band limiting differentiating unit if while if the divide value is larger than the 
second threshold value, then the part of the intensity variation state detecting signal at the corresponding period is 
excluded from a target to be acquired. 

[0124] For example, the AD converter 1d converts an analog waveform (x) such as one shown in FIG. 9(a) into a 
digital signal, and this digital signal is supplied to the wide band differentiation processing unit 31c and the squaring 
processing unit 31 d in which the digital signal is subjected to corresponding steps of processing, respectively. Thus, 
a digital signal corresponding to an analog waveform shown in FIG. 9(b) is obtained. Further, this signal is subjected 
to the following processing. That is, a part of the signal falling in a section is cut out by the gate unit 31 h and the 
maximum value is determined in the part of the signal falling in the section. Then, the maximum value is divided by a 
mean value calculated as shown in FIG. 9(c). In this way, it becomes possible to obtain a divided value representing 
the difference between the maximum value and the mean value. 

[0125] In this case, of the differentiated squared signal portions in sections 31-2a to 31-2c cut out by the gate unit 
31 h, if the second comparing unit 31m determines that the divided value stays under the threshold value only in the 
section 31-2a of the signal portion shown in FIG. 9(b), then the signal of the section 31-2a (see reference 31-1a of 
FIG. 9(a)) is acquired as the bar code signal, and outputted to the subsequent stage (in more concretely, the adaptive- 
type band limiting differentiation processing unit 1f). 

[0126] In FIG. 9(b), as for the bar code signal portion of the differentiated squared signal falling in the section 31-2a 
and noise portions of the same falling in the sections 31 -2b and 31 -2c, the maximum values are "0.009384", "0.009380", 
and "0.008213", respectively, and the mean values of the same are "0.00163", "0.000548 ", and "0 . 000455" , respec- 
tively. Thus, the results of division in the division processing unit 31k are "5.757", "17.12" and "18.05", respectively. 
[0127] In this case, the second comparing unit 31m may be set to have a comparing reference "10" as the second 
threshold value. With this setting, if the result of division made by the division processing unit 31 k is equal to or smaller 
than "10" as in the case of section 31 -2a, then the signal falling in the section can be regarded as a bar code signal. 
Conversely, if the result of division made by the division processing unit 31 k is larger than "1 0" as in the case of sections 
31-2b and 31-2c, then the signal falling in the sections can be regarded as not the bar code signal. 
[0128] Accordingly, also in this case, the feature extracting unit 31 a and the determining unit 31 b can examine wheth- 
er or not the electric signal supplied from the light receiving unit 1b is one deriving from conversion into the electric 
signal on the ray of light reflected on the medium. And the gate unit 31 n responds to the result of examination in such 
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a manner that a signal component determined as one deriving from conversion on the reflected ray of light into the 
electric signal is acquired as an acquired signal while a signal component determined as one deriving from conversion 
into the electric signal on any other ray of light than the reflected ray of light is excluded from a target to be acquired 
as an acquired signal. Accordingly, a signal portion other than one necessary for acquiring the binary digit information 
can be excluded from the target of subsequent signal processing in the information reading apparatus, and hence the 
processing load imposed on the apparatus can be decreased. In addition, the noise removal can be carried out at an 
accuracy higher than in the case of aforesaid FIG. 5. Therefore, load of signal processing imposed on the subsequent 
stage can be decreased. 

[0129] According to the arrangement of the barcode reading apparatus of the present embodiment, the AD converter 
is provided, an electric signal supplied from the light receiving unit 1b is subjected to conversion from an analog signal 
to a digital signal and resulting signal is supplied to the feature extracting unit 30a and the determining unit 30b. Then, 
it is examined whether or not the electric signal is one deriving from conversion into the electric signal on a ray of light 
reflected on the bar code based on the digital signal supplied from the AD converter 1d. However, according to the 
present invention, arrangement can be made in such a manner that the AD converter is obviated and a circuit is provided 
so that an analog signal supplied from the analog processing section 1B can be subjected to the cut-out processing 
in a manner similar to one in the above-described case by using an analog signal. 

(C) Detailed Description on Adaptive-Type Band Limiting Differentiating Unit of Bar Code Reading Apparatus According 
to Present Embodiment 

[0130] The adaptive-type band limiting differentiating unit 1f of the bar code reading apparatus according to the 
present embodiment will be hereinafter described in detail. 

(C-1) Description of Main Portion of Adaptive-type Band Limiting Differentiating Processing According to Present 
Embodiment 

[0131] Initially, a main portion of the signal processing carried out in the adaptive-type band limited differentiating 
unit If will hereinafter be described with reference to FIGS. 10 and 11. 

[0132] The bar code to be read by using the bar code reading apparatus shown in FIG. 1 can be obtained by creating 
a printed pattern 6b composed of white and black elements as shown in FIG. 10 based on the module information 
(binary digit Information having a predetermined information length composed of information elements arrayed one- 
dimensionally) 6a. 

[0133] When the barcode reading apparatus reads the barcode arranged as described above, a laser beam (Gaus- 
sian beam) 6c is scanned on the bar code to make the scanning light beam be reflected thereon. The reflected light 
beam is collected by the light receiving unit 1b of the bar code reading apparatus in which the reflected light beam is 
converted in a photoelectric manner. The photoelectric converted signal is amplified by the amplifying unit 1c up to a 
level suitable for processing in the subsequent stage (see reference 6d in FIG. 10 and FIGS. 11(a) to 11(d)). 
[0134] Further, the photoelectric converted signal amplified by the amplifying unit 1 c is subjected to an optimum band 
differentiation processing based on a module frequency f mod (see reference 6e of FIG. 10 and FIG. 11(e)). A module 
timing is extracted from this signal, and an amplitude value is extracted based on the timing to convert the signal into 
a series of tri-state values composed of "1", "0" and "-1" (see FIGS. 10 and 11(f)). 

[0135] In other words, on the basis of the acquired signal acquired by the analog processing section 1 B, information 
regarding an elemental unit length (module length) of the information length of the binary digit information is extracted. 
As the module length information, an elemental frequency (module frequency) corresponding to the module length is 
extracted. On the basis of the extracted module frequency information, the acquired signal is subjected to the band 
limiting processing and thereafter a ratio of the information length of the binary digit information (bar code information) 
is read. 

[0136] Therefore, as a preprocessing for reading the ratio data of the information length of the binary digit information, 
an elemental frequency corresponding to the elemental unit length (module length) is extracted from the acquired 
signal, and the acquired signal is subjected to a process of frequency band limitation based on the extracted elemental 
frequency. 

[0137] The characteristic of the optimum band differentiation processing in the above processes may be arranged 
in such a manner that the gain characteristic thereof is set to a cosine wave equivalent characteristic having a gain 
peak frequency which corresponds to the elemental width time of the white-black width information of the input signal 
or a frequency slightly larger than that frequency, and the phase characteristic thereof is set to one linearly variable 
with respect to the frequency. 

[0138] The band limiting differentiation processing unit 1h carries out a digital filtering processing by using a trans- 
versal filter described with reference to FIG. 3. The gain characteristic of the filter is determined in accordance with 
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the following Equations (2) to (4) depending on the module frequency and the phase characteristic thereof is determined 
in accordance with Equation (5). 

[01 39] In the discussion of Equations (2) to (4), if f s is set to the sampling frequency of the AD converter 1 d, the AD 
converter td is not provided, and the aforesaid band limiting differentiation processing 1h is formed of an analog filter, 
the following Equation (3) becomes unnecessary. In the following Equations, f mod is set to half the module frequency. 



cos((f-f mod)7i/(2*f mod)):0=if^2*f mod (2) 

cos(((f-(f s-f mod))7t/(2*f mod)):f s-2*f mod^f^f s (3) 

0: 2*f mod^f^f s - 2*f mod (4) 

0[rad]=-jc/f s * f + tc/2 (-f s/2<f<fs/2) (5) 



[0140] The characteristic values are determined as follows. That is, f s is divided equally by n (n is set to any second 
power number) and resulting numbers are identified by gO to gn-1 , respectively. When a filter characteristic is identified 
by the gain characteristic and the phase characteristic, the real part Re and the imaginary part 1m are calculated as 
shown in the following Equations (6) and (7). Then, IFFT (Inverse Fast Fourier Transform) calculation processing is 
effected on the complex number to determine filter coefficients CO to Cn-1 . 

Re(n) = gn * cos(0n) (6) 



lm(n) = gn*sin(en) (7) 

[0141] Then, a convolution filter is arranged so that a coefficient Cn/2 of the obtained coefficients CO to Cn-1 is set 
to the center of filter taps. 

[0142] FIGS. 1 2 to 14 are diagrams showing a gain characteristic, a phase characteristic and a convolution charac- 
teristic to which reference is made to examine how these coefficients are determined if a frequency of f mod, or the 
half of the module frequency is 910kHz. Also, FIGS. 15 to 17 are diagrams showing a gain characteristic, a phase 
characteristic and a convolution characteristic to which reference is made to examine how these coefficients are de- 
termined if f mod is set to 2.5MHz. 

[0143] The photoelectric converted signal amplified by the amplifying unit 1c is converted into a series of discrete 
values by the AD converter 1d, and the resulting signal is subjected to the filter arithmetic operation (convolution 
operation) having the above-described characteristic. Then, an output signal comes to have a differentiated waveform 
as shown in FIG. 18. That is, this waveform becomes such one that when the scanning light beam shifts from a black 
bar to a white bar, the corresponding signal point takes the maximum value, when the scanning light beam shifts from 
a white bar to a black bar, the corresponding signal point takes the minimum value, and when the scanning light beam 
stays in a continuous region of a single black or white bar, the corresponding signal point converges on the zero point. 
[0144] That is, as shown in FIG. 18, if the gain peak frequency of the filter is coincident with the frequency of half 
the module frequency of the input signal, the signal becomes optimum in which the edge information is reserved and 
a high frequency noise components are removed. 

[0145] If the gain peak frequency of the filter is set to one larger than the frequency of half the module frequency of 
the input signal, as shown in FIG. 19, the output signal thereof comes to have a differentiated waveform in which the 
edge information is not deteriorated but a high frequency component is contained. 

[0146] Conversely, if the gain peak frequency of the filter is set to one smaller than the frequency of half the module 
frequency of the input signal, as shown in FIG. 20, the edge information can be deteriorated due to intersymbol inter- 
ference of the bar code pattern. 

[0147] According to the present embodiment, respective steps stemming from one in which the intensity variation 
signal detecting signal of the reflected ray of light is acquired to one in which the integer number ratio between each 
width length data pair of the bar code have a differential processing characteristic of a time interval which is substantially 
equal to a time interval of the elemental width time (time corresponding to the elemental unit length) or a time interval 
slightly smaller than that time interval. For this reason, the above-described noise component can be prevented from 



EP1 357 505 A1 



being contained in the signal and the intersymbol interference can be prevented from being brought about. 
[0148] As for the case of FIG. 12, the differentiating processing can be effected at a band characteristic of 2 MHz 
which is narrower than the band of the sampling frequency with respect to the acquired signal when the AD converter 
1d has a sampling frequency of 10 MHz. Further, as for the case of FIG. 15, the differentiating processing can be 
effected at a band characteristic of 5 MHz which is narrower than the band of the sampling frequency. On the other 
hand, if the differentiation processing is carried out in a band of which frequency is equal to or more than the sampling 
frequency, the waveform comes to have a characteristic that a peak is created at 5 MHz point in FIG. 1 2 and no aliasing 
is included. Therefore, it is impossible to obtain a digital filter having a narrow band characteristic which can serve as 
the aforesaid band limiting differentiation processing unit 1f. 

[0149] Accordingly, when acquisition is made on a signal containing binary digit information having a predetermined 
information length deriving from data elements arrayed on the medium one-dimensionally as values sampled at every 
equal time interval by the AD converter 1d, and a module length as the elemental unit length of the information length 
of the binary digit information is extracted from the acquired signal, the series of steps stemming up to one in which 
the binary digit information is extracted from the medium information take a band narrower than the band of the differ- 
entiation characteristic for the aforesaid sampling frequency. 

[0150] Further, the module frequency extracting unit 1g extracts the aforesaid module length information as the 
elemental frequency information (module frequency information) corresponding to the elemental unit length, the band 
limiting differentiation processing unit 1h effects band limitation and differentiation processing on the read signal based 
on the extracted elemental frequency information, and thereafter the every module point amplitude extracting unit 1i 
and the module number calculating unit 1m read the ratio of the information length of the binary digit information. 
[0151] Accordingly, when the elemental unit length of the information length of the binary digit information is extracted 
from the acquired signal, the signal portion in which the state of the binary digit information is extracted from the medium 
information can take a band narrower than that of the characteristic for differentiation of the equal time interval. There- 
fore, when at least the information length of the binary digit information is read, differentiation processing can be carried 
out for limiting the band to the optimum one. 

[0152] The above explanation of the optimum band differentiation processing of the present embodiment is intended 
to describe the processes for acquiring an ideal differentiated waveform from the bar code pattern. Meanwhile, it is 
needless to say that, with the optimum band differentiation processing, factors such as influence from the Gaussian 
beam, a distortion characteristic due to a delay of circuit and so on can be removed. 

[0153] Further, while the above explanation is made on a case in which the scanning is made by a Gaussian beam, 
the above explanation can be applied to a case in which the bar code pattern is acquired by a CCD (Charge Coupled 
Device) and the bar code character is demodulated, for example. 

[0154] Furthermore, while the above explanation is made on a case in which the acquired signal is converted into 
discrete values by the AD converter 1d, the subject technology can be applied to a case in which an analog filter is 
introduced. Moreover in the above description, the phase is set to one varying lineally, the way of varying the phase 
is not limited to the case, but the characteristic thereof may be set to one in which a phase shift of about 90 degrees 
may be introduced in the range of f=0 to fs/2, for example. 

(C-2) Description of Main Portion of Optimum Band Differentiation Processing in Modification of Present Embodiment 

[0155] In the above case of (A-4), the optimum band differentiation processing effected by the band limiting differ- 
entiation processing unit 1h is implemented by a filtering processing by a filter having a gain characteristic of a cosine 
characteristic, the gain characteristic of the filter is not limited to the above one. That is, the filter may be arranged to 
have a characteristic approximated to the aforesaid cosine characteristic or a squared cosine characteristic expressed 
by the following Equations (8) to (10), for example, and the differentiation processing can be carried out by such a filter 
in a manner similar to that described above. 



cos 2 ((f-f mod)jr/(2*f mod)):0^f^2*f mod (8) 



cos 2 (((f-(f s-f mod))7i/(2*f mod)):f s-2*f mod^f =if s (9) 



0: 2*f mod^f^f s - 2*f mod (10) 
[0156] That is, the characteristic of the filter for carrying out the aforesaid optimum band differentiation processing 
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is such one that the gain characteristic thereof is set to a squared cosine wave of which cosine function is equivalent 
to characteristic having a gain peak frequency corresponding to the elemental width time of the white-black width 
information of the input signal or a frequency slightly larger than that frequency, and the phase characteristic thereof 
is set to one linearly variable with respect to the frequency. 

[0157] Also in the discussion of Equations (8) to (10), f s represents the sampling frequency of the AD converter 1d. 
Therefore, if the AD converter 1d is not provided and the aforesaid band limiting differentiation processing 1h is formed 
of an analog filter, then condition expressed by the above Equation (9) becomes unnecessary. 
[01 58] Description will be made for reference on a case in which the aforesaid filter characteristic is arranged so that 
the gain characteristic is set to a cosine characteristic and the phase characteristic takes 0 [rad] throughout the whole 
range of the frequency. 

[0159] In this case, the module frequency is necessary to be set to the center frequency. FIG. 21 shows a resulting 
waveform of the signal having undergone the filter. As will be understood from the waveform, the edge information of 
the bar code signal resides in each zero-cross point (e.g., a point A or B in the figure). 

[0160] Accordingly, if a circuit having the aforesaid filter characteristic is employed, the subsequent processing (e. 
g., a processing in the every module point amplitude extracting unit 1i) can employ a conventional system for extracting 
the zero-cross point in order to extract the bar code module number. Also in this case, the gain characteristic may be 
set not to the cosine characteristic but to a squared cosine characteristic. 

(C-3) Description of Adaptive-Type Band Limiting Differentiating Unit of Bar Code Reading Apparatus According to 
Present Embodiment 

[0161] FIG. 22 is a block diagram showing the adaptive-type band limiting differentiating unit of the bar code reading 
apparatus according to the present embodiment. As shown in FIG. 22, the adaptive-type band limiting differentiating 
unit if is arranged to have the module frequency extracting unit 1g, the band limiting differentiation processing unit 1 
and a decimation processing unit 1h\ 

[01 62] The module frequency extracting unit (elemental frequency extracting unit) 1 g can be more fully broken down 
into components of a wide band differentiation processing unit 11a a squaring processing unit 11b, an FFT processing 
unit 11c and a spectrum peak frequency extracting unit 11d. The module frequency extracting unit serves as a unit for 
extracting the module frequency information as the elemental frequency from the photoelectric converted signal (digital 
signal) which is cut out by the cut-out unit 1e. 

[0163] The wide band differentiation processing unit 11a is a unit for effecting wide band differentiation processing 
on the photoelectric converted signal (digital signal) cut out by the cut-out unit 1e. In more concretely, the wide band 
differentiation processing unit carries out a filter processing with a filter having a characteristic in which a value larger 
than the maximum frequency of the acquire signal in a readable region is set to a gain peak frequency, in a manner 
described above in detail in (C-1), 

[0164] The squaring unit 11b is a unit for squaring the signal having undergone the differentiation processing in the 
wide band differentiation processing unit 11a. The FFT processing unit 11c is a unit for effecting an FFT (Fast Fourier 
Transform) processing on the differentiated squared signal squared in the squaring processing unit 11b. The spectrum 
peak frequency extracting unit 11d is a unit for extracting information regarding the peak frequency from the frequency 
spectrum obtained as a result of the aforesaid FFT processing. 

[0165] The band limiting differentiation processing unit (band limiting unit) 1h is arranged to have a 1/2 calculating 
unit 11e, a filter coefficient calculating unit 11f, and a convolution processing unit 11g. The band limiting differentiation 
processing unit is a unit for carrying out differentiation processing for limiting a band of the photoelectric converted 
signal (digital signal) cut out by the cut-out unit 1 e based on the module frequency information extracted by the module 
frequency extracting unit 1g. 

[0166] The 1/2 calculating unit 11e carries out calculation to determine a half the peak frequency of the frequency 
spectrum extracted by the spectrum peak frequency extracting unit 11d. The half frequency of the peak frequency is 
supplied to the subsequent convolution processing unit 11 g in which the half frequency of the peak frequency is utilized 
as a gain peak frequency for the differentiation processing. 

[0167] Meanwhile, the frequency obtained by calculation in the 1/2 calculating unit 11e to determine the half peak 
frequency extracted by the spectrum peak frequency extracting unit 11d serves as a frequency corresponding to the 
width of a pair of white bar and a black bar having the elemental unit length constituting the bar code. 
[0168] For example, if the aforesaid FFT processing unit 11c carries out the FFT processing to obtain a spectrum 
such as one shown in FIG. 23, then the spectrum peak frequency extracting unit 11d extracts a frequency of a spectrum 
peak 11 -2a. Thereafter, the 1/2 calculating unit 11 e carries out calculation to determine the half frequency of the spec- 
trum peak 1 1-2a extracted in the above manner and supplies the half frequency of the spectrum peak to the convolution 
processing unit 11g as a gain peak frequency for the differentiation processing. 

[0169] Further, the filter coefficient calculating unit 11f determines convolution coefficients of the differentiating filter 
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for the band limitation based on the frequency f mod which is the half module frequency information calculated by the 
aforesaid 1/2 calculating unit 11e in accordance with the aforesaid scheme of (C-1). That is, the aforesaid Equations 
(2) to (5) are calculated by using the frequency f mod, or the half module frequency, to obtain the gain characteristic 
and the phase characteristic of the filter, and then the convolution coefficients (filter coefficients) of the filter are deter- 
mined by way of the FFT calculation based on the gain characteristic and the phase characteristic thereof. 
[0170] The convolution processing unit 11g is a unit for constructing a digital filter such as an FIR (Finite Impulse 
Response) filter by using the convolution filter coefficients calculated by the filter coefficient calculating unit 11f, and 
thereby effecting differentiation processing on the photoelectric converted signal (digital signal) in the optimized band 
supplied from the cut-out unit 1e. 

[0171] The decimation processing unit 1h' is supplied with a signal (digital signal) having undergone the convolution 
processing in the convolution processing unit 11 g and effects decimation on the digital signal so that number of data 
pieces are decimated depending on the aforesaid module frequency. The arrangement thereof will be more fully de- 
scribed later on. 

[0172] With the above arrangement, when the module frequency (elemental frequency) is extracted by the module 
frequency extracting unit 1g of the adaptive-type band limiting differentiating unit 1f, the photoelectric converted signal 
(acquired signal) acquired by the cut-out unit 1e is subjected to the wide band differentiation processing unit 11a in 
which differentiation processing is effected so that the gain peak frequency is set to a value equal to or larger than the 
maximum frequency of the acquired signal in the readable region. 

[0173] The squaring processing unit 11b effects squaring processing on the signal having undergone the differenti- 
ation processing in the wide band differentiation processing unit. The FFT processing unit carries out frequency spec- 
trum analysis on the result having undergone the squaring processing. The spectrum peak frequency extracting unit 
lid selects a significant frequency except for 0Hz from the result of analysis based on the frequency spectrum and 
generates the frequency as the module frequency. 

[0174] The band limiting differentiation processing unit 1h carries out filter arrangement by using the module fre- 
quency extracted in the above-described manner in such a manner that the gain characteristic is set to a cosine equiv- 
alent characteristic in which the gain peak frequency thereof is substantially a frequency corresponding to the half 
module frequency or a frequency slightly larger than the substantial half module frequency and the phase characteristic 
is set to one varying lineally with respect to the frequency. Further, the band limiting differentiation processing unit 
effects the convolution processing. In this way, it becomes possible to obtain a differentiated waveform of which band 
is optimized. 

[0175] According to the present invention, information concerning the module length of the bar width length of the 
bar code information can be extracted from the acquired signal, and the ratio of the information length of the binary 
digit information can be read based on the extracted module length information. Therefore, it becomes possible to 
suppress a size of hardware and a price thereof and to improve the S/N ratio of the reading signal and reading resolution. 
Moreover, even if the depth of field for reading is enlarged or a concave/convex portion or a blurred portion is left on 
the reading face, reading precision can be improved. 

[0176] Furthermore, the module frequency corresponding to the module length can be extracted and the frequency 
band of the acquired signal can be limited based on the extracted module frequency. Therefore, information concerning 
the elemental unit length of the information length of the binary digit can be extracted from the acquired signal, and on 
the basis of the extracted elemental unit length information, the ratio of the information length of the binary digit infor- 
mation can be read. Accordingly, advantages similar to those of the above-described one can be obtained. 

(C-4) Description of Adaptive-Type Band Limiting Differentiating Unit of Bar Code Reading Apparatus According to 
Modification of Present Embodiment 

[0177] FIG. 24 is a block diagram showing an adaptive-type band limiting differentiating unit of the bar code reading 
apparatus according to one modification of the present embodiment. The adaptive-type band limiting differentiating 
unit if shown in FIG. 24 is arranged differently from the aforesaid one shown in FIG. 22. That is, since the FFT processing 
unit (see reference 11c) extracts frequency information by using a limited number of samples, the frequency information 
contains error. The subject adaptive-type band limiting differentiating unit is arranged to extract the module frequency 
in a more precise manner in order for handling the error. 

[0178] The adaptive-type band limiting differentiating unit 1f shown in FIG. 24 includes a module frequency extracting 
unit 1g having an arrangement different from the aforesaid arrangement shown in FIG. 22. Further, the adaptive-type 
band limiting differentiating unit is arranged to have the band limiting differentiation processing unit 1h and the deci- 
mation processing unit Ih'having fundamentally the same arrangements as those of aforesaid FIG. 22. 
[0179] The band limiting differentiation processing unit 1h includes a filter coefficient calculating unit 12n and a con- 
volution processing unit 12o (see references 11f and 11g in FIG. 22) similar to those shown in aforesaid FIG. 22. 
[0180] The module frequency extracting unit 1g is arranged to have a first module frequency extracting unit 12M 
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capable of extracting a first module frequency from the photoelectric converted signal (digital signal) acquired by the 
cut-out unit 1e and a second module frequency extracting unit 12f-2 for extracting a second module frequency based 
on the first module frequency. 

[0181] The first module frequency extracting unit 12f-1 is arranged to have a wide band differentiation processing 
unit 12a, a squaring processing unit 12b, an FFT processing unit 12c and a spectrum peak frequency extracting unit 
12d corresponding to the aforesaid function components shown in FIG. 22 (see references 11a to lie). Therefore, the 
first module frequency extracted by the first module frequency extracting unit 12M is a module frequency extracted 
by a processing similar to that effected by the aforesaid module frequency extracting unit 1f shown in FIG. 22. 
[0182] Further, the second module frequency extracting unit 12f-2 is arranged to have multiplying units 12h-1 and 
12h-2, an LPF (Low Pass Filter) 12h-3, 12h-4, an amplitude normalizing unit 12i, a vector difference calculating unit 
12j, a phase calculating unit 12k, an integrating unit 121, a module f2 extracting unit 12m. 

[0183] The multiplying unit 12h-1 is a unit for multiplying the differentiated squared signal (Xn) supplied from the 
squaring processing unit 12b and a cosine function, cos(277tf1 ) of the first module frequency f1 obtained by the first 
module frequency extracting unit 12f-1 together. The multiplying unit 12h-2 is a unit for multiplying the differentiated 
squared signal (Xn) supplied from the squaring processing unit 12b and a sine function, -sin(27cf 1 ) of the first module 
frequency f1 obtained by the first module frequency extracting unit 12M together. 

[0184] Therefore, owing to the multiplying units 12h-1 and 12h-2, the module frequency f1 is applied to the differen- 
tiated squared signal to form a vector as expressed by the following Equations (1 1 ) and (1 2). In the following Equations 
(11 ) and (12), n represents a number sequentially attached to each sampled data based on a chronological sequence 
beginning with "1", and ts represents a sampling period thereof. 

An(Re) = Xn*cos(2ji*frn*ts) (1 1) 



An(lm) = Xn*(-1 )sin(2ic*f 1 *n*ts) (1 2) 

[0185] That is, the relationship between the true module frequency component (2*f0) having no error and the module 
frequency f1 extracted by the first module frequency extracting unit 12f-1 can be expressed by the following Equation 
(13) owing to the aforesaid vector formation. 

Af = 2*f0-f1 (13) 

[0186] The LPFs 12h-3 and 12h-4 are composed of an FIR filter or the like and arranged to extract only the aforesaid 
Af component. The amplitude normalizing unit 12i is a unit for normalizing the amplitudes of vector signals 12p and 
12q passing through the aforesaid LPFs 12h-3 and 12h-4 in accordance with the following Equations (14) and (15). 

Bn(Re) = 1/V (An (Re) 2 + An(lm)2) *An(Re) (14) 

Bn(lm) = 1/V (An (Re) 2 + An(lm)2) *An(lm) (15) 

[0187] The vector difference calculating unit 12j is a unit for calculating an opponent of the complex number pair of 
complex number data 1 2r which has been normalized by the amplitude normalizing unit 1 2i and delayed by one sample 
time amount as expressed by Equation (16), thereby determining a vector difference. The vector difference calculating 
unit is arranged to have a delaying unit 1 2j-1 for delaying the complex data 1 2r by one sample time amount and multiplier 
12j-2. In the following Equation (16), references B and C represent vectors. However, vector expression is not intro- 
duced for convenience of notation. Further, (*) designates an opponent of the complex number pair. 

Cn = Bn*Bn-1(*) (16) 

[0188] The phase calculating unit 12k is a unit for calculating respective phases of vector data series 12t as a result 
of calculation on the vector difference supplied from the vector difference calculating unit 12j. The integrating unit 121 
is a unit for integrating the phase difference data calculated by the phase calculating unit 12k. This integrating operation 
is effected at the unit of cut-out action of the cut-out unit 1e, whereby calculation is made on a phase variation amount 
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6 sum. 



[0189] That is, the phase of the vector calculated in difference by the vector difference calculating unit 12j is based 
on the frequency error of the first module frequency. Therefore, if integration is made on the phase difference data, 
the phase variation amount 6 sum can be calculated at the unit of time sectioned by the cut-out unit 1e. 
[0190] Further, the module f2 extracting unit 12m is a unit for calculating the module frequency error Af based on the 
phase variation amount 9 sum within a unit of cut-out section (t) supplied from the integrating unit 121 in accordance 
with the following Equations (17) and (18) and utilizing the error amount to correct the first module frequency f1 into 
an accurate second module frequency f2. 



[0191] With the above arrangement, the first module frequency extracting unit 12M of the adaptive-type band limiting 
differentiating unit 1f shown in FIG. 24 effects a differentiation processing upon extracting the module frequency infor- 
mation (elemental frequency information) in such a manner that the wide band differentiation processing unit 1 2a effects 
the differentiation processing on the acquired signal supplied from the cut-out unit 1e so that the gain peak frequency 
is set to a value equal to or more than the maximum frequency of the acquired signal falling in a readable region. 
[0192] Further, the squaring processing unit 12b effects squaring processing on the signal having undergone the 
differentiation processing. The FFT processing unit 12c carries out frequency spectrum analysis on the signal resulting 
from the squaring processing. The spectrum peak frequency extracting unit 1 2d extracts a significant frequency except 
for 0Hz from the result of frequency spectrum analysis, determines the frequency as an already calculated elemental 
frequency corresponding to the elemental unit length, and supplies the frequency information as the first module fre- 
quency. 

[0193] On the basis of the frequency obtained by the already calculated frequency supplied from the first module 
frequency extracting unit 12f-1, the second module frequency extracting unit 12f-2 effects demodulation processing 
on the signal having undergone the squaring processing in the squaring processing unit 12b. Further, the multiplying 
units 12h-1 and 12h-2 vectorize the signal, and the LPFs 12h-3 and 12h-4 remove a high frequency component from 
the demodulated and vectorized signal. 

[01 94] Further, the vector difference calculating unit 1 2j calculates a phase difference between the signal from which 
the high frequency component is removed by the LPFs 12h-3 and 12h-4 and a signal having undergone delaying 
process by one sample time amount. Thereafter, the phase calculating unit 12k and the integrating unit 121 calculates 
the frequency deviation A f between the aforesaid first module frequency and the accurate module frequency based 
on the phase difference obtained by the vector difference calculating-unit 12j. The module frequency f2 extracting unit 
12m determines a result from addition of the calculated Af and the aforesaid first module frequency f1 together as an 
error-corrected second module frequency. 

[0195] For example, if the first module frequency f1 is determined as 454101 Hz, the output signal 12p from the LPF 
12h-3 comes to have a waveform 12-1a shown in FIG. 25 while if the output signal 12q from the LPF 12h-4 comes to 
have a waveform 12-1b shown in FIG. 25. The phase variation in the cut-out period calculated by the integrating unit 
121 becomes as shown in FIG. 26. 

[0196] In the case of FIG. 26, at the cut-out start timing point (signal acquisition start timing point for the cut-out unit 
1e; t = Oftis]), the phase thereof takes a value of "-0.76[rad] M while at the cut-out completion timing point (t = 2047fris]), 
the phase thereof takes a value of M 1.18[rad]". 

[0197] In this way, the integrating unit 121 calculates the phase variation 9 sum in the unit cut-out section based on 
Equation (19) to yield ,, 2.94[rad]". Further, the module f2 extracting unit 12m obtains a value of "229[HzJ" for the error 
amount frequency Af as in the following Equation (20) (see Equation (17)). Also, the unit obtains a value of "454230 
[Hz] M for the corrected accurate module frequency f2 as in the following Equation (21) (see Equation (18)). 



Af = 9sum/(27tt) 



(17) 



f2 = f 1 + Af 



(18) 



9sum = (1.18) - (-0.76) = 2.94[rad] 



(19) 



Af=2.94rad/(27i*2047^is) 



= 229Hz 



(20) 



EP 1 357 505 A1 



f2 = f1 + Af 
=454 101 Hz + 229Hz 

= 454330Hz (21) 

[0198] As described above, when the module frequency f2 having undergone the correcting process for correcting 
the frequency error is extracted, similarly to the aforesaid case of (C-3), the filter coefficient calculating unit 12n of the 
band sine differentiation processing unit 1h determines the convolution coefficients of the differentiating filter. The 
convolution processing unit 12o carries out the convolution processing on the signal supplied from the cut-out unit 1e 
by using the coefficients. Thus, a differentiated waveform of which band is optimized can be obtained. 
[0199] Accordingly, also in this case, information concerning the module length of the bar width length of the bar 
code information can be extracted from the acquired signal, and the bar code information can be read based on the 
extracted module length information. Therefore, it becomes possible to suppress the size of hardware and a price 
thereof and to improve the S/IM ratio of the reading signal and reading resolution. Moreover, even if the depth of field 
for reading is enlarged or a concave/convex portion or a blurred portion is left on the reading face, reading precision 
can be improved. 

(C-5) Description of Decimation Processing after Adaptive-Type Band Limiting Differentiation Processing in Present 
Embodiment 

[0200] The decimation processing unit 1 h' of the adaptive-type band limiting differentiation processing unit 1f will be 
hereinafter described in detail. 

[0201] FIGS. 27 and 28 are diagrams for explaining the processing carried out in the decimation processing unit 1h' 
of the aforesaid adaptive-type band limiting differentiation processing unit 1f. The decimation processing unit 1h* is 
composed of a digital filter or the like such as one shown in FIG. 3, for example. The decimation processing unit is 
supplied with a signal (digital signal) having undergone band limiting processing in the band limiting differentiation 
processing unit 1h, and decimates data piece number from the digital signal depending on the aforesaid module fre- 
quency. Thus, the amount of calculation task imposed on the subsequent stage can be reduced. 
[0202] in other words, when a signal containing binary digit information is acquired, the signal is acquired as a digital 
signal deriving from a sampling process effected at a predetermined sampling interval. On the other hand, as a pre- 
processing for reading bar code information as an integer number ratio between width length data pair, the decimation 
processing unit 1h can decimate the data number from the digital signal having undergone the signal band limitation 
process depending on the module frequency information. 

[0203] That is, as shown in flowchart of FIG. 27, at step S 1 , the aforesaid module frequency extracting unit 1 g extracts 
the module frequency, and it is examined which of the sections [1] to [4] shown in FIG. 28 the extracted module frequency 
falls in (step S2). Then, the decimation is effected on the signal having undergone the band limitation in the band 
limiting differentiation processing unit 1h to reduce the data amount thereof, and the resulting signal is supplied to the 
subsequent every module point amplitude extracting unit 1i. 

[0204] The processing effected in the decimation processing unit 1h' will be described more concretely. That is, if 
the extracted module frequency falls in a region between a point of 625[kHz] to a point of 1.25[MHz] (see the region 
[2] in FIG. 28), then decimation is effected on the signal from the band limiting differentiation processing unit 1h to 
reduce the data amount thereof to 1/2 (step S3 of FIG. 27). 

[0205] In a similar manner, if the module frequency falls in a region between a point of 312.5[kHz] to the point of 625 
[kHz] (see the region [3] in FIG. 28), then decimation is effected on the signal to reduce the data amount thereof to 1/4 
(step S4). And if the module frequency falls in a region between a point of 166.25[kHz] to the point of 312.5[kHz] (see 
the region [4] in FIG. 28), then decimation is effected on the signal to reduce the data amount thereof to 1/8 (step S5). 
[0206] If the module frequency extracted by the module frequency extracting unit 1g is supplied to the decimation 
processing unit 1 h' ranges from 1 .25[MHz] to 2.5[MHz] (see region [1] of FIG. 28), the decimation for reducing the data 
amount is not carried out and the module frequency is directly supplied to the subsequent every module point amplitude 
extracting unit 1i (step S2). 

[0207] Accordingly, owing to the function of the decimation processing unit 1h\ when the signal containing the bar 
code information is acquired, the signal can be acquired as a digital signal deriving from the sampling at the predeter- 
mined sampling frequency, and as a preprocessing for reading the integer ratio between each bar width length data 
pair, the digital signal having undergone the signal band limitation can be subjected to the data number decimation 
depending on the module frequency information. Therefore, the bar code information can be read without requiring a 
large number of sampling point of the signal depending on the decrease of the module frequency. That is, the signal 
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can be subjected to the data decimation process for reducing the optimum data amount depending on the module 
frequency number, with the result that the amount of calculation task can be decreased. 

(C-6) Description of Improvements of Second and Third Modification of Adaptive-Type Band Limiting Differentiating 
Unit According to Present Embodiment 

[0208] Improvement of second and third modifications of the adaptive-type band limiting differentiating unit according 
to the present embodiment is achieved in the above-described technology for extracting the elemental frequency illus- 
trated in FIG. 22. That is, as will be described below, further countermeasure is taken against a cause of trouble in 
extracting the spectrum peak frequency accurately, whereby the spectrum peak frequency extracting unit 11d can be 
prevented from being deteriorated in accuracy of the elemental frequency extraction. 

[0209] When a Gaussian beam is utilized as a ray of irradiation for scanning the bar code, the beam diameter thereof 
can be varied upon irradiating the beam on the bar code depending on the depth of field for reading. Also, the beam 
speed (scanning speed), values of bar width or the like will be varied depending on various regulation regarding the 
bar code. The aforesaid adaptive-type band limiting differentiating unit if shown in FIG. 22 provides an electric signal 
having an amplitude value varying in accordance with the light intensity obtained by the unit, and with the variations, 
this electric signal can be deteriorated in its high frequency component as shown in FIG. 72 (this phenomenon is known 
as Gaussian deterioration). 

[0210] In general, a Gaussian beam having an intensity profile shown in FIG. 70(b) is utilized for the laser light beam 
irradiated from an LD. As shown in FIG. 70(b), the Gaussian beam has a characteristic that the luminous intensity 
thereof becomes strongest at the center of the profile and the luminous intensity becomes gradually small as the 
position is remote from the center to the outside thereof. Further, the characteristic has a nature that the beam is 
diffused as the depth of field for reading becomes large. 

[0211] When the Gaussian beam having the above-described characteristic is utilized as a ray of irradiation for 
scanning a bar code 200 as shown in FIG. 70(a), the values of the aforesaid beam diameter, the beam speed, the bar 
width or the like will take proper values [(beam diameter/bar width)=small] under a proper condition of reading operation, 
and hence it is possible to obtain a characteristic suffering no deterioration in the high frequency component as shown 
in FIG. 71. However, for example, if a bar code to be read has a narrow bar width, or the beam incident on the bar 
code has a large diameter relative to the bar width due to the reading operation condition of the operator [(beam 
diameter/bar width) = large], the aforesaid Gaussian deterioration shown in FIG. 72 is brought about. 
[0212] That is, the spectrum profile shown in FIG. 72 has a characteristic that the spectrum intensity (gain) is scattered 
and the high frequency component thereof is deteriorated. Therefore, it is difficult to extract a spectrum peak at the 
point of twice the module frequency by the scheme in which spectrum intensities at respective frequency points are 
simply compared with each other. 

[0213] In more concretely, the gain peak value at the frequency (twice the elemental frequency) shown in FIG. 72 
will not take the largest value as compared with the gain values in the neighboring frequency area in which it is desired 
to effect the frequency extraction. Therefore, the steps of detecting the elemental frequency will become more com- 
plicated for the spectrum peak extracting unit (see reference 11 d in FIG. 22) to extract the frequency accurately from 
the region in which the frequency characteristic is attenuated. 

[0214] The above-described deterioration in the high frequency component will be similarly brought about not only 
in the case of the bar code reading apparatus using the aforesaid Gaussian beam but also in a case of a type of bar 
code reading apparatus in which white and black bars of the bar code are detected by an external ray of light deriving 
from a device such as a CCD. 

[0215] According to module frequency extracting units 1g-1 and 1g-2 as the second and third modifications of the 
adaptive-type band limiting differentiating unit if of the present embodiment, as will be described in detail in sections 
of (C-7) and (C-8), even if deterioration is brought about in the result of analysis on the frequency spectrum of the 
electric signal having a luminous dependent amplitude, such a deterioration can be corrected by a simple processing 
and the elemental frequency can be accurately extracted. 

(C-7) Description of Module Frequency Extracting Unit 1g-1 as Second Modification of Adaptive-Type Band Limiting 
Differentiating Unit if of Present Embodiment 

[0216] FIG. 63 is a block diagram of an adaptive-type band limiting differentiating unit of the bar code reading appa- 
ratus in which a module frequency extracting unit 1g-1 is employed in lieu of the module frequency extracting unit 1g 
of the adaptive-type band limiting differentiating unit if shown in FIG. 22. The module frequency extracting unit 1g-1 
shown in FIG. 63 is constructed based on the following intension. That is, when a signal is subjected to the aforesaid 
arrangement shown in FIG. 22 and the signal causes a spectrum profile such as one shown at A in FIG. 66, an im- 
provement can be achieved in the arrangement shown in FIG. 22 by effecting a processing (see reference B in FIG. 
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66) that can compensate the deterioration in the result of the frequency spectrum analysis so as to restore flatness 
thereof in the following manner. Thus, owing to the improvement, it becomes possible to extract the spectrum peak to 
be extracted with ease and at high accuracy. 

[0217] The module frequency extracting unit (elemental frequency extracting unit) 1g-1 is arranged to have the wide 
band differentiation processing unit 11a, the squaring processing unit 11b, the FFT processing unit 11c, the frequency 
decimating unit 11h, a squaring error calculating unit 111, an optimum correcting coefficient extracting unit 11j, a fre- 
quency characteristic database 11k, a reciprocal number calculating unit 11m, a reference value holding unit 11 n, an 
interpolation processing unit 11p, a multiplier 11q and a spectrum peak frequency extracting unit 11 d. 
[0218] According to the module frequency extracting unit 1g-1 of the present embodiment, the frequency decimating 
unit 11h, the squaring error calculating unit 11i, and the optimum correcting coefficient extracting unit 11j, which will be 
described later on, extract a deterioration characteristic from a waveform having undergoing the squaring processing 
which may contain a cause of deterioration in the frequency characteristic such as one deriving from the aforesaid 
Gaussian deterioration shown at A in FIG. 66. The reciprocal number calculating unit 11m, the reference value holding 
unit 11n and the interpolation processing unit 11 p take tasks of calculating the inverse characteristic data of the dete- 
rioration characteristic for correction, and the result of spectrum analysis is multiplied with the calculated inverse char- 
acteristic data, whereby the spectrum profile in gain (or spectrum intensity) can restore its flatness on the frequency 
axis. Thus, the aforesaid module frequency can be extracted at a high accuracy from the corrected result of the spectrum 
analysis. 

[0219] The wide band differentiation processing unit (differentiation processing unit) 11a is a unit for effecting on the 
acquired signal supplied from the cut-out unit 1e constituting the signal acquiring unit, a differentiation processing so 
that a value equal to or more than the maximum frequency of the acquired signal in the readable region is set to the 
gain peak frequency. The squaring processing unit 11b is a unit for effecting squaring processing on the signal having 
undergone the differentiation processing in the wide band differentiation processing unit 11a. 
[0220] The FFT processing unit (frequency spectrum analyzing unit) 11c is a unit for carrying out frequency spectrum 
analysis on the result having undergone the squaring processing in the squaring processing unit 1 1 b. In more concretely, 
the FFT processing unit 11c is arranged to carry out Fast Fourier Transform (FFT; Fast Fourier Transform) on the 
calculation result supplied from the squaring processing unit 11b so as to obtain a spectrum. 
[0221] For example, if the sampling frequency is set to 10MHz or around the value, as shown in FIG. 64(a), the FFT 
processing unit 11c carries out Fast Fourier Transform (FFT; Fast Fourier Transform) of about 1024 points (if xO is 
included, 1025 points) [see FIG. 64(b)] on sampled data at an interval of 0.1^s (xO, x1, x2, x1024) of the calculation 
result supplied from the squaring processing unit 11b. Thus, the spectrum can be obtained. In this case, the FFT 
processing unit 11c can obtain each of spectrums Y [see yO, y1 , y2, y1024 in FIG. 64(c)] at every frequency deter- 
mined by dividing the frequency range of 10MHz into 1024-sections. 

[0222] The frequency decimating unit (decimating unit) 11 h is a unit for carrying out frequency-decimation on the 
analyzed data T constituting the result of frequency spectrum analysis supplied from the FFT processing unit 11c and 
obtaining approximated characteristic data Z [see results of decimation zO, z1 , z2, z32 in FIG. 64(e)]. As for example 
shown in FIG. 64(d), the frequency decimating unit 11h decimates the 1024 frequency spectrum points at an interval 
of 32 points, for example, and supplies the decimation result Z to the squaring error calculating unit 11L In this way, it 
becomes possible to obtain spectrum data (analyzed data left after the decimation) of every frequency interval 
(312.5kHz) deriving from 32-division of the sampling frequency 10MHz. 

[0223] In the case of FIG. 64(e), the analyzed data yO, y1, y2, y1024 as the result Y of FFT are subjected to the 
frequency decimation. Thus, data piece correspondence is determined in such a manner that data piece yO corresponds 
to zO after the decimation, y32 to z1, y64 to z2, y96 to z3. In the similar manner, z32 is determined (from y1024). 
[0224] The above-described number of decimation (i.e., decimation interval) is set so that the spectrum intensity 
variation can be removed. The spectrum intensity variation in this case means that a spectrum profile contains a spec- 
trum intensity projecting at a particular frequency point (e.g., points a and b in FIG. 72) with respect to other spectrum 
intensity variation on the frequency axis. Meanwhile, the frequency point at which such a spectrum intensity profile 
projects is referred to as a spike point. 

[0225] The number of spike points is normally small as compared with other frequency points. Thus, the aforesaid 
frequency decimating unit 11 h carries out decimation on the frequency points, and in cooperation with the subsequent 
interpolation processing unit 11p in the interpolation processing, elements of the spike points contained in the inverse 
characteristic data for correction are removed. In this way, fluctuation in the spectrum intensity in the inverse charac- 
teristic data is decreased. 

[0226] The frequency characteristic database (reference frequency characteristic database) 1 1 k is a unit for storing 
therein in advance n-kinds (n is a plural number) of groups of discrete data pieces having a reference frequency char- 
acteristic. In more concretely, as shown in FIG. 65, the unit holds groups of discrete data pieces f1 to fn having n-kinds 
of frequency characteristics F1 to Fn, respectively. Although the frequency characteristics F1 to Fn shown in FIG. 65 
are illustrated as characteristics having continuous values on the frequency axis, these data groups may be stored in 
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the following manner. That is, the groups of discrete data pieces f1, f2, • , fn relating to the aforesaid frequency char- 
acteristics F1, F2, Fn are associated with data numbers (33 pieces including zO) left after the analyzed data deci- 
mation in the aforesaid frequency decimating unit 11 h in such a manner that the 33 pieces of discrete data f1(0) to f1 
(32), f2(0) to f2(32), fn(0) to fn(32) correspond to frequency points that should be left after the decimation. 
[0227] Further, the discrete data f1 to fn having the aforesaid frequency characteristics F1 to Fn are each supposed 
to be one having characteristic of an acquired signal acquired by the reading operation effected on at least the bar 
code. Alternatively, the frequency characteristic for the discrete data to be held may be set to a frequency characteristic 
of the acquired signal which is supposed depending on the characteristic of the Gaussian beam irradiated upon reading 
operation, the resolution of the CCD or the like. 

[0228] The squaring error calculating unit 1 1 i is a unit for calculating each squared error Em [m is an integer ranging 
from 1 to n, see Equation (47)] between the analyzed data zO, z1, ■•, z32 left after the frequency decimation by the 
frequency decimating unit 11 h and the n-kinds of reference frequency characteristic available from the aforesaid fre- 
quency characteristic database 11k. That is, as expressed in Equation (47), the squaring error calculating unit 11 i 
calculates a sum of squared difference between each of the data zO, z1 , z32 left after the frequency decimation and 
each of the 33 pieces of discrete data fm (0), fm(32) associated with respective frequency points. 



32 

Em = £[{**.- fmfk)} 2 ) (47) 
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[0229] The optimum correcting coefficient extracting unit 11j is a unit for examining the respective results of the 
squared error calculation deriving from the aforesaid squaring error calculating unit 1 1 i by comparing one another, and 
selects a set of discrete data f(0) to f(32) having a characteristic F providing the smallest squared error as the optimum 
correcting coefficients to be applied to the result of frequency spectrum analysis from the frequency characteristic 
database 11k. 

[0230] Owing to the cooperation of the above-described squaring error calculating unit 11i, the frequency character- 
istic database 11k and the optimum correcting coefficient extracting unit 11j, even if the characteristic data extraction 
is carried out from the noise base (i.e., data containing any deterioration cause) in a manner of approximation and 
hence even after the frequency decimation is effected a spike point is left unremoved, in particular, when a spectrum 
peak frequency point to be extracted by the subsequent spectrum peak frequency extracting unit 11 d is left, the gain 
of the spectrum peak frequency can be prevented from influencing upon the inverse characteristic data calculated by 
the subsequent reciprocal number calculating unit 11m and the interpolation processing unit 11 p. 
[0231] Accordingly, the squaring error calculating unit 11i and the optimum correcting coefficient extracting unit 11 j 
function as an optimum characteristic extracting unit for comparing the analyzed data Z left after the frequency deci- 
mation effected by the frequency decimating unit 11 h with the reference frequency characteristic Fm held in the fre- 
quency characteristic database 11k, and extracting the discrete data F having a frequency characteristic closest to the 
left analyzed data as the approximated characteristic data. 

[0232] The reciprocal number calculating unit (reciprocal number data calculating unit) 11m is a unit for calculating 
reciprocal number data R of the discrete data constituting the approximated characteristic data extracted by the opti- 
mum correcting coefficient extracting unit 11j. In more concretely, for the discrete data f(0) to f(32) extracted by the 
optimum correcting coefficient extracting unit 11j, the reciprocal number calculating unit calculates reciprocal number 
[Ref/f(0) t Ref/f(1), Ref/f(n)] as reciprocal number data R based on a reference value Ref (e.g., "1") held in the ref- 
erence value holding unit 11n. 

[0233] The interpolation processing unit (interpolating unit) 11p is a unit for interpolating the reciprocal number data 
R calculated by the reciprocal number calculating unit 11m with a first order equation, for example, so as to generate 
an output thereof as a calculation result Rc having the inverse characteristic data shown at C in FIG. 4. In this way, 
the reciprocal number data R composed of discrete values on the frequency axis are converted into the data Rc having 
a value continuous on the frequency axis. In this case, the aforesaid interpolation processing unit 11 p is constructed 
as a first order equation approximation interpolating unit in which interpolation processing is carried out by arithmetic 
operation of a small load. 

[0234] In other words, owing to the interpolation processing unit 1 ip it becomes possible to carry out calculation for 
generating reciprocal number data for correcting the analyzed data corresponding to a lost portion of the frequency 
points due to the frequency decimation by the frequency decimating unit 11 h. 

[0235] Accordingly, the aforesaid frequency decimating unit 11 h, the squaring error calculating unit 11i and the op- 
timum correcting coefficient extracting unit 1 1 j as the optimum characteristic extracting unit, the frequency characteristic 
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database 11k, the reciprocal number calculating unit 11m, the reference value holding unit 11 n and the interpolation 
processing unit 11 p function as an inverse characteristic data calculating unit for calculating inverse characteristic data 
of the approximated characteristic data of the result of frequency spectrum analysis supplied from the FFT processing 
unit 11c. 

[0236] The aforesaid interpolation processing effected by the interpolation processing unit 1 1 p may be any processing 
so long as the processing leads to a characteristic of monotonous increase or monotonous decrease through the 
discrete data pieces. For example, interpolation may be effected so that the frequency information between the fre- 
quency information pieces lost by the decimation is stuffed with gain information which is increased or decreased step 
by step. Alternatively, the interpolation may be effected by any known means. 

[0237] The multiplier 11q is a unit for multiplying the analyzed data Y (see reference A in FIG. 4) constituting the 
result of frequency spectrum analysis supplied from the FFT processing unit 1 1 c and the data calculated by the aforesaid 
interpolation processing unit 11 p (see reference C in the same figure) together. With this multiplication, it becomes 
possible to supply the corrected result Xc of the frequency spectrum analysis (see reference B in the same figure) to 
the subsequent spectrum peak frequency extracting unit 11 d. In other words, the multiplier 11q functions as an analyzed 
result correcting unit for correcting the aforesaid result of frequency spectrum analysis by using the inverse character- 
istic data calculated by the interpolation processing unit 11 p. 

[0238] The spectrum peak frequency extracting unit 11 d is a unit for extracting a frequency point taking the maximum 
value (significant frequency on the frequency axis except for 0Hz) as a spectrum peak from the frequency spectrum 
analysis result Xc corrected by the multiplier 11 q. The extracted frequency concerning the spectrum peak is generated 
as the elemental frequency (module frequency). 

[0239] Accordingly, the aforesaid spectrum peak frequency extracting unit 11 d functions as an extracting unit for 
extracting the significant frequency except for 0Hz from the frequency spectrum analysis result corrected by the mul- 
tiplier 11q as the elemental frequency. 

[0240] Now description will be made on the processing operation carried out by the module frequency extracting unit 
1g-1 constructed as described above with reference to a flowchart (step A1 to step A11) shown in FIG. 67. 
[0241] Initially, the wide band differentiation processing unit 11a, the squaring processing unit 11b and the FFT 
processing unit 1 1 c carry out the wide band differentiation processing, the squaring processing and the FFT processing 
on a bar code reading signal X acquired by the cut-out unit 1e in a manner similar to one described with reference to 
FIG. 1 (step A1). The result Y of the FFT processing is supplied to the multiplier 11 q and the frequency decimating unit 
11h. 

[0242] The result Y of the FFT processing supplied to the frequency decimating unit 11 h is sequentially subjected 
to each processing in the frequency decimating unit 11h, the squaring error calculating unit 11i, the optimum correcting 
coefficient extracting unit 11j, the inverse calculating unit 11m and the interpolation processing unit 11 p Thus, the 
inverse characteristic data of the approximated characteristic data is calculated on the result Y of the FFT processing 
(step A2 to step A8). 

[0243] The frequency decimating unit 11h is supplied with the analyzed data yO, y1, y2, y1024 constituting the 
result Y (see reference A in FIG. 4) of the frequency spectrum analysis from the FFT processing unit 1 1 c. The frequency 
decimating unit carries out the frequency decimation on the analyzed data yO, y1 , y2, ••«, y1024, and supplies the data 
zO, z1 z32 after undergoing the decimation process as a result Z of the decimation to the squaring error calculating 
unit 11 i (step A2). 

[0244] Subsequently, the squaring error calculating unit 11 i and the optimum correcting coefficient-extracting unit 11 j 
compare the result 2 having undergone the decimation process and the reference frequency characteristic Fm obtained 
from the frequency characteristic database 11k with each other so as to determine the reference frequency character- 
istic closest to the result Z as the approximated characteristic data F. 

[0245] In more detail, when the squaring error calculating unit 11 i is supplied with the data zO, z1, ■-, z32 after un- 
dergoing the decimation process, the squaring error calculating unit sequentially calculates each squared error Em [m 
is an integer ranging from 1 to n, see Equation (47)] between these data pieces zO, z1 z32 and the n-kinds of 
reference frequency characteristic obtained from the aforesaid frequency characteristic database 11 k (a loop beginning 
with NO route at step A3 through step A4 to step A5). 

[0246] In more detail, the squaring error calculating unit 1 1 i selects one of the frequency characteristic Fm concerning 
the discrete data fm (0), •», fm(32), from the n-kinds of frequency characteristics F1 to Fn stored in the frequency 
database 11k and loads the selected one (step A4). Then, the squaring error calculating unit calculates squared error 
by using the data pieces zO, z1 , z32 and the loaded discrete data fm (0), fm(32) based on the aforesaid Equation 
(47) (step A5). 

[0247] The squaring error calculating unit 11 i sequentially carries out the error squaring calculation for all of the 
frequency characteristics F1 to Fn stored in the frequency characteristic database 11k, and supplies the results of 
calculation to the subsequent optimum correcting coefficient extracting unit 1 1 j. When the optimum correcting coefficient 
extracting unit 11 j receives the results of calculation from the squaring error calculating unit 11i, the optimum correcting 
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coefficient extracting unit selects a set of discrete data f(0), f(32) corresponding to a frequency characteristic F 
providing the smallest calculation result from the frequency characteristic database 11n. Then the optimum correcting 
coefficient extracting unit takes out the selected discrete data as the optimum correcting coefficient (i.e., approximated 
characteristic data) (step A6). 

[0248] The reciprocal number calculating unit 11m calculates the reciprocal number R for the set of discrete data f 
(0), f(32) extracted by the optimum correcting coefficient extracting unit 11j based on the reference value Ref held 
in the reference value holding unit 11 n (step A7). Subsequently, the interpolation processing unit 11 p interpolates 
discrete data Ref/f(0), Ref/f(32) as the reciprocal number data R calculated by the reciprocal number calculating 
unit 11m by using a first order equation approximation. Thus, the interpolation processing unit constructs data Rc by 
calculation (see reference C in FIG. 66) so that the reciprocal number data R exhibits continuous variation on the 
frequency axis (step A8). 

[0249] The multiplier 11 q multiplies the analyzed data yO, y1, y1024 as the result Y of the frequency spectrum 
analysis obtained by the aforesaid FFT processing unit 11c (see reference A in FIG. 66) and the data Rc calculated 
by the interpolation processing unit 11 p in the above manner together. At this time, each analyzed data is corrected 
with the interpolating data Rc corresponding to the frequency point of the respective analyzed data yO, y1, ■• , y1024, 
whereby the result of frequency spectrum analysis containing the deterioration case can be corrected (step A9). In 
other words, also the analyzed data corresponding to the frequency point having undergone the decimation process 
in the frequency decimating unit 11 h can be corrected by the value of the interpolated data Rc at the corresponding 
frequency point. 

[0250] The spectrum peak frequency extracting unit 11d searches the result Xc (see reference B in FIG. 66) of the 
frequency spectrum analysis having undergone the process of correcting the loss caused by the above-described 
deterioration for the significant frequency except for 0Hz, i.e., a frequency at a point having the largest spectrum value 
with respect to every frequency spectrum value, and the spectrum peak frequency extracting unit extracts the significant 
frequency as a spectrum peak frequency (step A10). Then, the frequency concerning the extracted spectrum peak is 
outputted as the elemental frequency (module frequency) (step A11). 

[0251] As described above, according to the module frequency extracting unit 1g-1 of the present modifications, 
even if the bar code reading operation is effected on a bar code composed of small width bars or the beam diameter 
of the Gaussian beam irradiated on the barcode is relatively large as compared with the bar width due to the condition 
of the operator's reading action, or the result of frequency spectrum analysis is deteriorated due to the CCD resolution 
under the condition that the bar code reading is carried out by using the bar code reading apparatus employing the 
CCD, the elemental frequency can be extracted accurately by correcting the deterioration with an easy processing. 
Therefore, the following advantages can be obtained. 

(1) It becomes possible to expand the range of bar code that can be read by the bar code reading apparatus. In 
more concretely, the depth of field for reading can be varied depending on how the reading action is made by the 
operator. However, it becomes possible to enlarge the extent of conditions that allow the bar code reading apparatus 
to read the bar code. 

(2) A readable bar code width can be made narrower. 

(3) If the resolution of the CCD is low, the spectrum peak can be extracted by an easy processing at a high accuracy. 
Therefore, the reading accuracy can be improved. 

[0252] Moreover, in particular, when a spectrum peak frequency point to be extracted by the subsequent spectrum 
peak frequency extracting unit 11d is left, owing to the above-described squaring error calculating unit 1 1i, the frequency 
characteristic database 11k and the optimum correcting coefficient extracting unit 11j, the gain of the spectrum peak 
frequency point can be prevented from influencing upon the inverse characteristic data calculated by the subsequent 
reciprocal number calculating unit 11m and the interpolation processing unit 11 p. Accordingly, the spectrum peak fre- 
quency can be extracted by way of simple comparison among the spectrum intensities, with the result that it-becomes 
possible to simplify the steps of extracting the module frequency and remarkably improve the accuracy of the steps of 
extraction. 

(C-8) Description of Module Frequency Extracting Unit 1g-2 as Third Modification of Adaptive-Type Band Limiting 
Differentiating Unit 1f of Present Embodiment 

[0253] FIG. 68 is a block diagram showing an example of an adaptive-type band limiting differentiating unit in which 
a module frequency extracting unit 1g-2 is employed in lieu of the module frequency extracting unit 1g of the adaptive- 
type band limiting differentiating unit 1f of the aforesaid barcode reading apparatus shown in FIG. 1. Also the module 
frequency extracting unit 1g-2 shown in FIG. 68 is arranged based on the following intension. That is, when a signal 
is subjected to the aforesaid arrangement and the signal causes a spectrum profile such as one shown at A in FIG. 
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66, as shown at C in FIG. 66, inverse characteristic data calculated based on the result of frequency spectrum analysis 
is introduced for correcting the result of frequency spectrum analysis, and as shown at C in FIG. 66, the spectrum peak 
to be extracted can be extracted with ease and at high accuracy. 

[0254] The module frequency extracting unit 1g-2 shown in FIG. 68 is different from the aforesaid module frequency 
5 extracting unit 1g-1 shown in FIG. 63 in a point that the squaring error calculating unit 11i, the optimum correcting 
coefficient extracting unit 11 j and the frequency characteristic database 11k are replaced with a median filter 11 r. Other 
components (see references 11a to 11h, 11m to 11q) are similarto those of the second modification. 
[0255] The median filter (median filter processing unit) 11r is interposed between the frequency decimating unit 11h 
and the reciprocal number calculating unit 1 1 m. This median filter is a unit for further effecting a median filter processing 
10 on the analyzed data zO, z1 , z32 left after the frequency decimation in the frequency decimating unit 11 h so as to 
obtain approximated characteristic data Zm. That is, the median filter 11r is arranged to select only a median of neigh- 
boring three points as frequency points and outputs the selected one. Owing to the unit, a spike point desired to be 
removed upon calculating the inverse characteristic data can be removed. 

[0256] FIGS. 69 (a) to 69(c) are diagrams for concretely explaining the filter processing of the above-described 
15 median filter 11r In the diagrams of FIGS. 69(a) to 69(c), it is assumed that gain of each analyzed data takes a level 
shown at a mark "*". 

[0257] When the median filter 1 1 r outputs a value of zk (k ranges from 0 to 32), the median filter examines the values 
of gains (or spectrum intensity) of three frequency points including values of the adjacent two points on the frequency 
axis by comparing any two of the three. For example, in the case of FIG. 69(a), a value of z(k-1 ) is the largest, a value 
20 of z(k+1) is the smallest and a value of zk corresponds to the median of the values [see Equation (48)]. Therefore, the 
median filter 11 r directly outputs the value of zk. 

z(k-1)<zk<z(k + 1) (48) 

25 

[0258] In the case of FIG. 69(b), zk takes the largest value, z(k+1) takes the smallest value and z(k-1) takes the 
median value [see Equation (49)]. Thus, the median filter 11 r selects the median value z(k-1) as the value of zk and 
out puts the same. In the case of FIG. 69(c), z(k-1) takes the largest value, zk takes the smallest value and z(k+1) 
takes the median value [see Equation (50)]. Thus, the median filter 11 r selects the median value z(k+1) as the value 
30 of zk and out puts the same. 

z(k + 1)<z(k-1)<zk (49) 

" 5 zk<z(k + 1)<z(k-1) (50) 

[0259] As described above, the median filter 1 1 r removes particularly a spike point such as a spectrum peak frequency 
point which is desired to be extracted by the subsequent spectrum peak frequency extracting unit 1 1 d. Thus, the inverse 
40 characteristic data calculated by the subsequent interpolation processing unit 11 p can be prevented from containing 
the spectrum peak element. In this way, the spectrum peak can be extracted accurately and reliably based on the result 
Xc of the frequency spectrum analysis corrected by the multiplier 11 q. 

[0260] The reciprocal number calculating unit (reciprocal number data calculating unit) 11m is a unit for calculating 
reciprocal number data Ref/Zm of the analyzed data Zm constituting the approximated characteristic data obtained by 

45 the median filter based on the reference value Ref held by the reference value holding unit 11 n. The interpolation 
processing unit (interpolating unit) 11 p is a unit for interpolating the reciprocal number data calculated by the reciprocal 
number calculating unit 11m and outputting the result interpolation as calculation result of the inverse characteristic 
data. The reciprocal number calculating unit 1 1 m, the reference value holding unit 1 1 n and the interpolation processing 
unit 11 p have fundamentally similar constructions as those shown in the aforesaid FIG. 63. 

50 [0261] As described above, also according to the module frequency extracting unit 1g-2 of the present modifications, 
even if the bar code operation is effected on a bar code composed of small width bars or the beam diameter of the 
Gaussian beam irradiated on the bar code is relatively large as compared with the bar width due to the condition of 
the operator's reading action, or the result of frequency spectrum analysis is deteriorated due to the CCD resolution 
under the condition that the bar code reading is carried out by using the bar code reading apparatus employing the 

55 CCD, the elemental frequency can be extracted accurately by correcting the deterioration with an easy processing. 
Therefore, advantages similar to those itemized by (i) to (iii) described in [2-1] can be obtained. 
[0262] Moreover, owing to the median filter 11r, in particular, when a spectrum peak frequency point to be extracted 
by the subsequent spectrum peak frequency extracting unit 11d is left, the gain of the spectrum peak frequency point 
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can be prevented from influencing upon the inverse characteristic data calculated by the subsequent reciprocal number 
calculating unit 11m and the interpolation processing unit 11p. Accordingly, the spectrum peak frequency can be ex- 
tracted by way of simple comparison among the spectrum intensities, with the result that the steps of extracting the 
module frequency can be simplified and the accuracy of the steps of extraction can be remarkably improve. 

5 

(D) Description of Every Module Point Amplitude Extracting Unit of Bar Code Reading Apparatus According to Present 
Embodiment 

[0263] Description will be hereinafter made on an every module point amplitude extracting unit of the bar code reading 
10 apparatus according to the present embodiment. 

(D-1) Description of Overall Arrangement of Every Module Point Amplitude Extracting Unit of Bar Code Reading 
Apparatus According to Present Embodiment 

15 [0264] FIG. 29 is a block diagram showing an arrangement of an every module point amplitude extracting unit 1 i. As 
shown in FIG. 29, the every module point amplitude extracting unit 1i is arranged to have a module timing signal 
extracting unit 1j, an amplitude extracting unit 1k and a tri-state value generating unit 11. The every module point 
amplitude extracting unit is a unit arranged for generating a periodic signal which is in synchronism with the acquired 
signal and has an elemental frequency corresponding to the module length. Thus, module information can be extracted. 

20 [0265] The module timing signal extracting unit 1j is further arranged to have a tone signal generating filter 14a, a 
Hilbert transform unit 14b, a phase calculating unit 14c, a zero-radian point timing extracting unit 14d and a delay time 
calculating unit 14e. 

[0266] The tone signal generating filter 14a is a unit for generating a timing signal as a tone signal (periodic signal) 
based on the acquired signal (photoelectric converted signal) having undergone band limitation in the aforesaid adap- 
25 tive-type band limiting differentiating unit if and the extracted module frequency. This timing signal can be generated 
as a tone signal with a sine-wave-like waveform having a frequency corresponding to the unit module width of the bar 
code. The detail thereof will be described in (D-2). 

[0267] The Hilbert transform unit 14b is a unit for effecting Hilbert transform on the tone signal supplied from the tone 
signal generating filter 14a. In this Hilbert transform unit, the tone signal from the tone signal generating filter 14a is 

30 set to a real part (Re) of the complex number and a signal having undergone the Hilbert transform processing is set 
to an imaginary part (Im) of the complex number, and the resulting complex number is supplied to the subsequent 
phase calculating unit 14c, whereby a signal of each sample point can be formed into a vector. 
[0268] Further, the phase calculating unit 1 4c is a unit for calculating a phase of the sample point formed into a vector 
as described above. The zero-radian point timing extracting unit 14d is a unit for extracting a point at which the phase 

35 becomes zero-point based on the phase information calculated by the phase calculating unit 14c and deriving the 
module timing. The delay time calculating unit 14e is a unit for calculating, at every deriving module timing, the delay 
time of the sample point with respect to the point at which the phase extracted by the zero-radian timing extracting unit 
14d becomes a zero-point. 

[0269] Meanwhile, the amplitude extracting unit 1k is further arranged to have a delay filter 14f and an amplitude 
40 extracting unit 14g. The delay filter 14f serves as a delay filter based on the delay time calculated by the aforesaid 
delay time calculating unit 14e. The delay filter effects a delay processing on the acquired signal supplied from the 
adaptive-type band limiting differentiating unit 1f by a convolution processing. With this filtering operation, the sample 
point can be made coincident with the zero-radian timing point. 

[0270] The tri-state value generating unit 11 is further arranged to have an LMS (Least Mean Square) 14h as an 
45 automatic equalizing unit and a wave error determining unit 14i. The LMS 14h is a unit for automatically equalizing the 
amplitude data (see reference 14q in FIG. 29) extracted at every module timing, thereby generating tri-state data 
composed of "1". "0" and "-1". The wave error determining unit 14i is a unit for examining the amplitude data formed 
into the tri-state data by the LMS 14h so as to determine whether there is error contained or not. 
[0271] With the above arrangement, the every module point amplitude extracting unit 1i shown in FIG. 29 carries 
50 out the following steps as a preprocessing for reading the ratio (bar code information) of the information length of the 
binary digit information on the basis of the acquired signal having undergone the band limiting processing in the adap- 
tive-type band limiting differentiating unit 1f and the module frequency information. That is, the every module point 
amplitude extracting unit extracts a timing point in synchronism with the acquired signal and having the module fre- 
quency, extracts an amplitude value of the signal supplied from the adaptive-type band limiting differentiating unit 1f 
55 in accordance with the extracted timing point, and leads the amplitude value in accordance with the extracted timing 
point as tri-state value data. 

[0272] In other words, the every module point amplitude extracting unit 1i extracts the timing point at which module 
length data resides from the acquired signal. The subsequent module number calculating unit 1m reads the integer 
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ratio between each width length data pair from the bar code as a mark in accordance with the extracted timing point. 
[0273] When the timing point is extracted, the every module point amplitude extracting unit 1 i utilizes the acquired 
signal having undergone the differentiating processing in the adaptive-type band limiting differentiating unit if as an 
input signal to extract a frequency component corresponding to the module width time (elemental width time) of the 
5 bar code data (width length data), generates aperiodic signal corresponding to the elemental width time, and specifies 
the timing point corresponding to the point at which the bar code width information resides based on the generated 
periodic signal as an input signal. Meanwhile, the aforesaid adaptive-type band limiting differentiating unit 1f may be 
arranged to have a differentiation characteristic which has been described in the above-described sections of (C-1 ) or 
(C-2). 

10 [0274] For example, if the aforesaid every module point amplitude extracting unit 1i is supplied with a digital signal 
having a differentiated waveform 15b shown in FIG. 30 (see sample points indicated by marks " x " on the waveform 
15b) as the acquired signal having undergone the band limitation process, the tone signal generating filter 14a of the 
module timing signal extracting unit 1j generates a digital signal as a periodic signal corresponding to the tone signal 
waveform 15c (see sample points indicated by marks "CP on the waveform 15c) on the basis of the aforesaid digital 

15 signal 1 5b and the module frequency information extracted by the module frequency extracting unit 1 g. The waveform 
1 5c of the tone signal is synchronize with the waveform 1 5b of the acquired signal having undergone the band limitation 
process. 

[0275] The phase calculating unit 14c is supplied with the tone signal generated from the aforesaid tone signal gen- 
erating filter 14a and a signal deriving from the Hilbert transform effected by the Hilbert transform unit 14b on the tone 
20 signal. The phase calculating unit forms a vector based on the supplied signals and calculates phases of respective 
signal points of the vectored signal. Thus, phase data (digital signal) shown in FIG. 31(a) is generated as the result of 
calculation. 

[0276] The zero-radian point timing extracting unit 14d extracts a point at which the phase becomes a zero-radian 
point based on the phase data calculated by the phase calculating unit 14c. Thus, the module timing can be led. As 

25 shown in FIG. 31 (a), the phase of the sample point (see FIG. 31 (b)) and the actual zero-radian point are different from 
each other (the sampling is not necessarily effected at the zero-radian point). Therefore, on the basis of the timing of 
the zero-radian point extracted by the zero-radian point timing extracting unit 14d, the delay time calculating unit 14e 
and the delay filter 14f corrects the deviation between the sample point and the zero-radian point. 
[0277] That is, the delay time calculating unit 14e calculates the time difference between the sample point and the 

30 zero-radian point for every module timing. The delay filter 14f of the amplitude extracting unit 1k carries out the delay 
processing. In this way, sample data can be obtained for every module timing. Thereafter, the amplitude extracting unit 
14g extracts the differentiated signal amplitude (digital data) as shown in FIG. 31(c). 

[0278] In other words, when the timing point is extracted, the timing point for reading the information length of the 
binary digit recorded on the bar code is specified based on the differentiated signal of the acquired electric signal, and 
35 the digital information composed of tri-state values is extracted from the amplitude of the signal having undergone the 
differentiation processing at every specified timing point. In order for extracting the above-described digital information 
composed of the tri-state values, the amplitude value of the signal having undergone the differentiation processing is 
extracted at every specified timing point and the extracted amplitude value of the signal is converted into digital data 
composed of tri-state values. 

40 [0279] The LMS 14h of the tri-state value generating unit 11 effects automatic equalizing processing on the amplitude 
value in accordance with the aforesaid timing point extracted by the amplitude extracting unit. Thus, the tri-state value 
data can be led. The wave error determining unit 1 4i generates a signal appropriate as a series of bar code reading data. 
[0280] That is, when the amplitude value extracted at every timing point is converted into the digital signal composed 
of tri-state values, the tri-state value generating unit 11 determine which of the values "+r, "0" and "-1" the amplitude 

45 value of the extracted signal should take and generates the result of determination data composed of tri-state values. 
Thereafter, the module number calculating unit 1m interprets the data formed into the tri-state values in such a manner 
that the signal point having data of "+1" located thereat corresponds to a point at which an edge of one of white and 
black regions resides, the signal point having data of "-1" located thereat corresponds to a point at which an edge of 
the other of the white and black regions resides, and the signal point having data of "0" located thereat corresponds 

so to a point at which no edge resides. In this way, the integer ratio between each width length data pair of the bar code 
can be read. 

[0281] Therefore, according to the present embodiment, as a preprocessing for reading the bar width length ratio of 
the bar code information, the module timing signal extracting unit 1j extracts the timing point synchronous with the 
acquired signal and having the elemental frequency based on the acquired signal and the module frequency informa- 
55 tion, the amplitude extracting unit 1k extracts the amplitude value of the signal supplied from the adaptive-type band 
limiting differentiating unit 1f in accordance with the extracted timing point, and the amplitude value can be led as the 
tri-state value data in accordance with the extracted timing point. Therefore, the operation of the information reading 
can be free from disturbance caused by information deriving from points other than the module timing points, and the 
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resolution in reading information can be improved together with the S/N ratio of the read signal. Furthermore, even if 
the depth of field for reading is enlarged or a concave/convex portions or a blurred portion are left on the reading face, 
the reading accuracy can be improved. 

[0282] Moreover, the sampling frequency need not be set to a high frequency in order for measuring the module 
length of the bar code, and a clock of relatively low price may be sufficient for the sampling operation. Therefore, the 
cost for constructing the arrangement of the apparatus can be remarkably decreased. 

(D-2) Description of Module Timing Signal Extracting Unit of Present Embodiment 

[0283] Initially, an arrangement of the tone signal generating filter 14a will be described in detail. 
[0284] The above-described tone signal generating filter 14a may be arranged to have a squared cosine character- 
istic of which gain peak frequency is set to the module frequency extracted by the module frequency extracting unit 1g 
and a phase characteristic which keeps constant at all. 
[0285] The description thereof will be provided below. 

[0286] That is, as shown in aforesaid FIG. 30, when the module timing is extracted from the differentiated signal 
having undergone the band limiting processing, the elemental frequency of the differentiated signal becomes fa be- 
cause the signal is composed of one white module + one black module (see reference 15d in FIG. 30). On the other 
hand, the timing frequency becomes fp because the signal is composed of unit modules of a white bar or black bar 
(see reference 15c in FIG. 30). 

[0287] Accordingly, relationship between the module frequency f1 extracted by the aforesaid module frequency ex- 
tracting unit 1g and the above-describe fa or fp can be expressed by the following Equations (22) and (23). 

fa = f1/2 (22) 

fp = f1 (23) 

[0288] That is, the tone signal generating filter is arranged as a filter having a center frequency of fp. Therefore, if 
an acquired signal 1q having undergone the band limiting processing is convolution-processed in the tone signal gen- 
erating filter 14a, a tone signal having this module frequency component can be led. 

[0289] For example, the characteristics of the tone signal generating filter 14a can be set to those expressed by the 
following Equations (24) to (26). In Equations (24) to (27), fs represents a sampling frequency of the AD converter 1d, 
and fw a and width (-6dB) of the arranged filter. 

gain = cos 2 (f-fp)7t/2*fw) 
: (fp-fw/2^f<fp+fw/2) (24) 

gain = cos 2 ((f-(fs-fp)n/2*fw) 

: {fs-fp-fw/2^f<fs-fp+fw/2) (25) 



gain = 0 

: (frequency is other one except for a case of Equation (24) or Equation (25)) (26) 

phase (9[rad]) = 0 ( 0 <= f <=fs) (27) 

[0290] The characteristic of band width represented by fw may be set to one proportional to a reciprocal number of 
a time length expressing the white-black width information. In more concretely, the band width fw can be calculated 
by extracting a time length (tbar) representing only the white-black signal (bar code signal) portion from the cut-out 
signal supplied from the adaptive-type band limiting differentiating unit if in accordance with the following Equation (28). 
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fw = 1/tbar*k (k is a fixed value) (28) 

[0291] In more concretely, when the central frequency fp is set to 1820kHz, owing to a gain characteristic shown in 
5 FIG. 32 and a phase characteristic shown in FIG. 33, the tone signal generating filter 14a can be arranged to be a 

digital filter having a characteristic shown in FIG. 34. Thus, a signal supplied from the adaptive-type band limiting 

differentiating unit 1f may be subjected to the convolution processing in the filter 14a to obtain a tone signal. 

[0292] The Hilbert transforming unit 14b and the phase calculating unit 14c will be hereinafter described in detail. 

[0293] FIG. 35 is a block diagram showing the Hilbert transforming unit 14b and the phase calculating unit 14c of 
10 the present embodiment. As shown in FIG. 35, the phase calculating unit 14c is arranged to have a vectoring unit 18a 

and a calculating unit 18b. 

[0294] As described above, the Hilbert transforming unit 14b is a unit for effecting Hilbert transform on the tone signal 
generated by the tone signal generating filter 14a. This Hilbert transforming unit 14b is composed of a digital filter 
having a characteristic as for example shown in FIG. 36. That is, the Hilbert transforming unit can be arranged to have 

15 a transversal filter (see FIG. 3) having a tap shown in FIG. 36. 

[0295] The vectoring unit 18a of the phase calculating unit 14c is supplied with a signal having a waveform 20a 
(sample points thereof are indicated by marks n CT) shown in FIG. 37, for example, at the real part input port thereof 
(Re) from the tone signal generating filter 14a and a signal as a result of Hilbert transform having a waveform 20b 
(sample points thereof are indicated by marks "x") shown in FIG. 37, for example, at the imaginary part input port 

20 thereof (Im) from the Hilbert transforming unit 14b, wherein these signals are vectorized. 

[0296] The calculating unit 1 8b is a unit for carrying out calculation on the signal vectorized by the vectoring unit 1 8a 
based on the following Equation (29) so as to determine the phase of the vectorized signal. 

25 6 =tan" 1 (lm/Re) (29) 

[0297] Subsequently, the arrangement of the zero-radian point timing extracting unit 14d will be described in detail. 
[0298] The zero-radian point timing extracting unit 14d is a unit for extracting a point at which the phase becomes 
zero radian, on the basis of phase information calculated by the phase calculating unit 14c and shown in FIG. 38(a), 

30 for example, so as to derive a module timing. 

[0299] Since the tone signal generated by the tone signal generating filter 14a has a substantial uniform frequency 
with a period equivalent to the module frequency, the phase thereof will rotate at a constant rate. As shown in FIGS. 
38(a) and 38(b), a point 21 d-1 at which the phase of the tone signal becomes zero-radian has the same timing as that 
of the module point 21d-2 of the differentiated signal. In this way, this zero-radian point is extracted and the zero-radian 

35 point is utilized as timing information for extracting the amplitude value of the differentiated signal 21g at every timing. 
[0300] At this event, of the sample points, a point closest to the zero-radian is extracted and this point is utilized as 
a timing. For example, of the couple of sample points 21a and 21b neighboring the zero-radian point 21 d-1 shown in 
FIG. 38(a), the sample point 21 a is closer than the other to the zero-radian point and hence this pint is determined as 
the aforesaid module timing. 

40 [0301] Further, the delay time calculating unit 14e is a unit for calculating the time difference of the module timing 
determined by the aforesaid zero-radian point timing extracting unit 14d with respect to the actual zero-radian point. 
The delay time calculating unit outputs the time difference as a delay time difference td. 

[0302] With the above arrangement, according to the module timing signal extracting unit 1 j of the present embod- 
iment, the tone signal generating filter 14a is supplied with a signal having undergone the signal differentiation process- 
45 ing and generates a periodic signal corresponding to the elemental width time (module length time) of the width length 
data. 

[0303] Subsequently, when examination is made to specify a timing point serving as a point at which the width in- 
formation resides, the phase calculating unit 14c calculates a phase of tone signal as the periodic signal generated by 
the tone signal generating filter 14a. When the phase of the aforesaid periodic signal is calculated, this periodic signal 

50 is vectorized and calculation is made for determining the phase of the aforesaid periodic signal. In more concretely, 
when the aforesaid periodic signal is vectorized, the periodic signal from the tone signal generating filter 14a is set to 
the real part of the complex while the signal deriving from the periodic signal from the tone signal generating filter 14a 
and having undergone the Hilbert transform in the Hilbert transforming unit 14b is set to the imaginary part of the same. 
[0304] The zero-radian point timing extracting unit 14d receives the result of calculation from the phase calculating 

55 unit 14c, extracts time information (timing information) of a point at which the phase of the tone signal as a periodic 
signal becomes zero degree, and specifies the extracted time information as a timing point. Further, the aforesaid zero- 
radian point extracting unit 14d responds to the result of the phase calculation from the phase calculating unit 14c in 
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such a manner that, of a pair of signal points adjacent to each other and having signs opposite to each other, a point 
closer than the other to the zero-degree point is specified as the aforesaid timing point. 

[0305] The delay time calculating unit 14e extracts the time error between the timing point specified by the zero- 
radian point timing extracting unit 14d and the point at which the tone signal generated by the tone signal generating 
5 filter 14a comes to have a phase of zero degree. The delay filter 14f of the amplitude extracting unit 1k provides an 
amount of delay corresponding to the aforesaid time error to the differentiated signal from the adaptive-type band 
limiting differentiating unit 1f at every timing point at which the time error is extracted. 

(D-3) Description of Amplitude Extracting Unit of Present Embodiment 

10 

[0306] As more fully shown in FIG. 39, the delay filter 14f of the amplitude extracting unit 1k is arranged to have a 
tap coefficient memorizing unit 22a, a first-order equation approximating unit 22b, a 1/2 decimating unit 22c and a 
convolution processing unit 22d. 

[0307] The tap coefficient memorizing unit 22a is a unit for holding filter coefficients (X0 to X2n-1 ) making it possible 
is for the subsequent convolution processing unit 22d to carry out a filter processing which allows the photoelectric con- 
verted signal to pass through the filter satisfactorily and has a low-pass characteristic with twice the accuracy of the 
sampling frequency. The first-order equation approximating unit 22b introduces the delay time td supplied from the 
aforesaid delay time calculating unit 14e for interpolating the low-pass filter coefficients (X0 to X2n-1) by using a first- 
order equation approximation in a manner expressed by the following Equation (30). 

20 

Ym = (Xm+1 - Xm)td/(ts/2) + Xm (m=0 to 2n-1 ) (30) 

[0308] As shown in FIG. 40, an y-axis is set in to indicate the filter coefficient value and an x-axis is set in to indicate 
25 time, and of the filter coefficient values X0 to X2n-1 , a couple of filter coefficients adjacent to each other are selected 
so that the couple of filter coefficients lie on a first-order equation. In this assumption, the time distance between Xm+1 
to Xm corresponds to half the sampling interval ts of the AD converter 1d. Thus, the difference between Xm+1 to Xm 
can be utilized to determine the aforesaid first-order equation. 

[0309] Therefore, a value delayed by the delay time td relative to the filter coefficient Xm can be led as expressed 
30 by the aforesaid Equation (30). In this way, each of the filter coefficient values held in the filter coefficient holding unit 
21a can be determined so that these filter coefficient can construct a filter having a delaying characteristic of the delay 
time td calculated by the delay time calculating unit 14e. 

[0310] The 1/2 decimating unit 22c decimates the filter coefficients after undergoing the delay processing at a rate 
of 1/2 , whereby the filter coefficients of the sampling frequency, which was set to twice that of the AD converter 1d to 

35 improve accuracy thereof, is made equivalent to that of the photoelectric converted signal. 

[0311] For example, if the filter coefficients are not subjected to the delaying process , the sample points thereof will 
be plotted on points of mark "x" lying on a waveform 24a of FIG. 41 . Conversely, if the filter coefficients are subjected 
to the processing of the aforesaid first-order equation approximating unit 22b and the 1/2 decimating unit 22c, the 
sample points thereof will be corrected so as to lie on the points of mark "C on a waveform 24b of FIG. 41 . Points of 

40 mark "0" represent a set of filter coefficients having an ideal delay characteristic. 

[0312] The above-described processing of the first-order equation approximating unit 22b and the 1/2 decimating 
unit 22c is effected at every module timing. 

[031 3] The convolution processing unit 22d is composed of a digital filter such as a transversal filter having an afore- 
said system shown in FIG. 3, for example. The convolution processing unit effects a convolution processing on the 
45 differentiated signal 1q having undergone the band limiting processing supplied from the adaptive-type band limiting 
differentiating unit 1f by using the filter coefficients provided by the 1/2 decimating unit 22c. 

[0314] As described above, the amplitude extracting unit 14g is supplied from the delay filter 14f with a signal con- 
taining information of the sample point extracted at the true module timing, and the amplitude extracting unit extracts 
the amplitude value at the sample point. Thus, the amplitude information can be outputted at the true module timing 

so to the subsequent tri-state value generating unit 11 . 

[0315] In the above arrangement of the delay filter 14f shown in FIG. 39, convolutional filtering processing can be 
carried out in such a manner that the gain thereof is set to one until the signal falls within the maximum input signal 
band in which the signal is allowed to be read as the intensity variation detecting signal, the gain thereof is gradually 
attenuated as the band thereof is remote from the maximum input signal band, and the signal is delayed in accordance 

55 with the amount of time error calculated by the delay time calculating unit 14e. In this way, the signal can undergo the 
differentiating processing effected at every timing point at which the time error is calculated, and this signal having 
undergone the differentiating processing can be delayed by an amount corresponding to the aforesaid time error. 
[0316] In the above-described delay filter 14f, when the coefficients for the filter processing are determined, impulse 
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response data is calculated based on a filter characteristic function in which the gain thereof is set to one until the 
signal falls within the maximum input signal band allowing the signal to be read as the intensity variation detecting 
signal and the gain thereof is gradually attenuated as the band thereof is remote from the maximum input signa! band. 
Then, in the first-order equation approximating unit 22b, the aforesaid impulse response data is interpolated by using 
5 the first-order equation approximation depending on the amount of the extracted time error, and the resulting data is 
determined as the filter coefficients. 

[0317] While in the present embodiment filter coefficients of the sampling interval twice that of the AD converter 1d 
is considered, from the standpoint of improving the accuracy in interpolating the delay time, it is desired for the rate of 
sampling to be set to one larger than the twice sampling rate. 
10 [0318] Further, while in the present embodiment the approximation method is based on a first-order equation, other 
approximation system such as one based on a second-order equation, a spline interpolation can be employed. 

(D-4) Description of First Modification of Delay Filter in Amplitude Extracting Unit According to Present Embodiment 

15 [0319] While in the above-described delay filter 14f of the amplitude extracting unit the first-order equation approx- 
imation is utilized to calculate the filter coefficients having the delay characteristic, other arrangement such as one 
shown in FIG. 42, for example, can be applied to the delay filter 14f. 

[0320] The delay filter 14f shown in FIG. 42 is arranged to have delay filter coefficient holding units 25a to 25e, a 
sectioning determining unit 25f an MUX 25g and a convolution processing unit 25h. 
20 [0321] Each of the delay filter coefficient holding units 25a to 25e is a unit for holding filter coefficients for effecting 
a predetermined amount of delay. That is, the filter coefficient holding unit 25a holds a coefficient for constituting a filter 
having a characteristic of a delay time, td = 0. The filter coefficient holding unit 25b holds a coefficient for constituting 
a filter having a delay time of td = 0.025us. 

[0322] Further, the filter coefficient holding unit 25c holds a coefficient for constituting a filter having a delay time-of 
25 td = 0.05^s. The filter coefficient holding unit 25d holds a coefficient for constituting a filter having a delay time of td = 
0.075 u,s. And the filter coefficient holding unit 25e holds a coefficient for constituting a filter having a delay time of td 
= 0.1 /[is. 

[0323] The sectioning determining unit 25f is supplied with the delay time information td from the delay time calculating 
unit 14e and examines which of the following five sections the value of the delay time td falls into. 

30 [0324] That is, if the delay time td is equal to or larger than 0ns and smaller than 12. 5ns, the section to fall into is 
determined be "0". If the delay time td is equal to or larger than 12.5ns and smaller than 37.5ns, the section to fall into 
is determined be "1" . If the delay time td is equal to or larger than 37.5ns and smaller than 62.5ns, the section to fall 
into is determined be "2". If the delay time td is equal to or larger than 62.5ns and smaller than 87.5ns, the section to 
fall into is determined be "3". And if the delay time td is equal to or larger than 87.5ns and smaller than 100ns, the 

35 section to fall into is determined be "4". 

[0325] The MUX 25g is a unit for taking out filter coefficients from a desired delay filter coefficient holding unit 25a 
to 25e in accordance with the delay time section determined by the section determining unit 25f and outputting the 
coefficients to the subsequent convolution processing unit 25h. 

[0326] For example, the MUX 25g selects coefficients from the section determining unit 25f in such a manner that if 
<o jt is determined that the delay time section is "0", then filter coefficients are taken out from the delay filter coefficients 
holding unit 25a, if it is determined that the delay time section is "1 ", then filter coefficients are taken out from the delay 
filter coefficients holding unit 25b, if it is determined that the delay time section is "2", then filter coefficients are taken 
out from the delay filter coefficients holding unit 25c, if it is determined that the delay time section is "3", then filter 
coefficients are taken out from the delay filter coefficients holding unit 25d, and if it is determined that the delay time 
45 section is "4", then filter coefficients are taken out from the delay filter coefficients holding unit 25e. Then, the selected 
coefficients are supplied to the convolution processing unit 25h. 

[0327] Further, the convolution processing unit 25h is a unit for taking out the coefficients from the MUX 25g and 
executes the delay processing on the acquired signal (photoelectric converted signal) from the adaptive-type band 
limiting differentiating unit 1f. 

so [0328] Also in the above arrangement of the delay filter 14f shown in FIG. 42, conventional filtering processing can 
be carried out in such a manner that the gain thereof is set to one until the signal falls within the maximum input signal 
band in which the signal is allowed to be read as the intensity variation detecting signal, the gain thereof is gradually 
attenuated as the band thereof is remote from the maximum input signal band, and the signal is delayed in accordance 
with the amount of time error calculated by the delay time calculating unit 14e. In this way, the signal can undergo the 

55 differentiating processing effected at every timing point at which the time error is calculated, and this signal having 
undergone the differentiating processing can be delayed by an amount corresponding to the aforesaid time error. 
[0329] In more concretely, when the coefficients for the filter processing are determined, a plurality of filter coefficient 
sets are prepared in advance in the delay filter coefficient holding units 25a to 25e so as to implement a plurality of 
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delay filter characteristics corresponding to the time error amounts extracted (calculated) by the delay time calculating 
unit 14e. The sectioning determining unit 25f determines which filter processing characteristic of the plurality of filter 
characteristics is appropriate for the extracted time error amount. Then, the MUX 25g selects a set of filter coefficients 
implementing the filter characteristic suitable for the result of determination made by the sectioning determining unit25f. 

(D-5) Description of Second Modification of Delay Filter in Amplitude Extracting Unit of Present Embodiment 

[0330] In addition to the arrangements shown in FIGS 39 and 42, an arrangement shown in FIG. 43 may be employed 
for the delay filter 14f. That is, this delay filter arrangement is composed of a wide band LPF characteristic coefficient 
holding unit 43a, a phase characteristic giving unit 43b, a multiplying unit 43c, an IFFT 43d and a convolution processing 
unit 43e. In this arrangement, an IFFT processing may be employed for calculating filter coefficients having a delay 
characteristic in accordance with the delay time calculated by the delay time calculating unit 14e. 
[0331] The wide band LPF characteristic coefficient holding unit 43a is a unit for holding filter coefficients having an 
LPF gain characteristic in which the signal of the inputted maximum frequency of the photoelectric converted bar code 
signal is passed at a gain of =1 and signals of frequencies equal to or smaller than that frequency are passed at an 
attenuated gain. The characteristic to be held in this unit may be set to one shown in FIG. 44, for example. 
[0332] The aforesaid filter characteristic shown in FIG. 44 can be expressed as a gain characteristic of the following 
Equations (31) to (33). 

1 : 0^f^2.5MHz, 7.5MHz=if=£fs (31) 



cos 2 ((f-(fc-fx))7r/(4*fx)) 
: 2.5MHz^f<5MHz (32) 

cos 2 ((f-(fc'-fx')) 7l/(4*fx')) 

: 5MHz=if<7.5MHz (33) 



[0333] In the above Equations (31 ) to (33), fc=3.75MHz, fx=1 .25MHz, fc'=3.75MHz, fx'=1 .25MHz. This characteristic 
value is equally divided into n sections at the sampling frequency fs, and resulting respective values are denoted G=g0 
to gn-1 (n is a number of exponent for two). 

[0334] The phase characteristic giving unit 43b is a unit for giving a delay phase characteristic for the subsequent 
convolution processing unit 43e in accordance with the delay time td calculated by the delay time calculating unit 14e. 
For example, the phase characteristic giving unit gives a phase characteristic delay expressed by the following Equation 
(34) on the basis of the delay time td supplied from the delay time calculating unit 14e. For example, the phase char- 
acteristic giving unit can give a phase characteristic shown in FIG. 45 to a signal supplied to the subsequent convolution 
processing unit43e. 



6 = 27if*td :0=if=ifs/2 (34) 

[0335] The multiplying unit 43c is supplied with the gain characteristic (see FIG. 44) from the aforesaid wide band 
LPF holding unit 43a and a phase characteristic (see FIG. 45) from the phase characteristic giving unit 43b, whereat 
a real part (Re) and the imaginary part (Im) are calculated based on the following Equations (35) and (36) to form the 
numbers into a complex vector. 

Re = G*cos9 (35) 



Im = G # sin9 (36) 



[0336] The IFFT processing unit 43d is a unit for carrying out IFFT calculation processing based on the values of Re 
and Im calculated by the aforesaid multiplying unit 43c. If a signal subjected to the unit has a gain characteristic and 
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a phase characteristic shown in FIGS. 44 and 45, filter coefficients having a characteristic shown in FIG. 46 can be 
obtained. 

[0337] Further, the convolution processing unit43e is a unit for effecting convolution processing on the signal supplied 
from the adaptive-type band limiting differentiating unit 1f by using the filter coefficients obtained by the IFFT processing 
5 unit 43d. This convolution processing unit may be composed of a digital filter such as a transversal filter as one shown 
in FIG. 3, for example. 

[0338] Also in the above arrangement of the delay filter 14f shown in FIG. 43, convolutional filtering processing can 
be carried out in such a manner that the gain thereof is set to one until the signal falls within the maximum input signal 
band in which the signal is allowed to be read as the intensity variation detecting signal, the gain thereof is gradually 

10 attenuated as the band thereof is remote from the maximum input signal band, and the signal is delayed in accordance 
with the amount of time error calculated by the delay time calculating unit 14e. In this way, the signal can undergo the 
differentiation processing effected at every timing point at which the time error is calculated, and this signal having 
undergone the differentiation processing can be delayed by an amount corresponding to the aforesaid time error. 
[0339] In more concretely, when the coefficients for the filter processing are determined, a filter characteristic function 

15 is determined so that the gain thereof is set to one until the signal falls within the maximum input signal band allowing 
the signal to be read as the intensity variation detecting signal and the gain thereof is gradually attenuated as the band 
thereof is remote from the maximum input signal band. Then, a function delaying a signal in proportion to the amount 
of extracted time error is added. The result thereof is subjected to the inverse Fourier transform in the IFFT processing 
unit 43d. Thus, the coefficients are calculated. 

20 

(D-6) Description of Tri-State Value Generating Unit According to Present Embodiment 

[0340] FIG. 47 is a block diagram showing the tri-state value generating unit 1 1 according to the present embodiment. 
[0341] As described above, the tri-state value generating unit 11 is arranged to have the LMS 14h for outputting the 

25 tri-state value data composed of "1 ", "O" and "-1 " by automatically equalizing the amplitude data 1 4q extracted at every 
module timing. The tri-state value generating unit also is arranged to have the wave error determining unit 14i for 
carrying out data error determination on the amplitude data which is formed into the tri-state values by the LMS 14h. 
[0342] In other words, the LMS 14h can automatically equalize the amplitude data extracted by the amplitude ex- 
tracting unit 1 k at every module timing so as to make it possible to correct the amplitude distortion or the phase distortion 

30 caused by the bar code state (concave/convex portions, blurred portion or the like) or the analog circuits containing 
elements such as a pin-photo diode employed in the photo receiving section 1b. The LMS 14h is further arranged to 
have a convolution processing unit 26a, a coefficient correction determining unit 26b, a filter coefficient calculating unit 
26c and a tri-state value determining unit 26d. 

[0343] The convolution processing unit 26a is a unit for effecting the convolution processing by using filter coefficients 
35 calculated by the filter coefficient calculating unit 26c, which will be described later on. As shown in more detail in FIG. 
48, the arrangement thereof is composed of a digital filter having five tap coefficients X0 to X4. 
[0344] As shown in FIG. 48, the convolution processing unit 26a is arranged to have a gain corrected coefficient 
holding unit48a-1, a multiplying unit48a-2, delaying units 48b- 1 to48b-5, multiplying units 48c- 1 to48c-5, adding units 
48d-1 to 48d-5, a sum calculating unit 48e and a multiplying unit 48a-2. 
40 [0345] The multiplying unit 48a-2 is a unit for multiplying the amplitude value data supplied from the amplitude ex- 
tracting unit 1k at every module timing with a coefficient held in the gain corrected coefficient holding unit 48a-1. The 
delaying units 48b-1 to 48b-5 are connected to one another in a cascade fashion. Each of the delaying units is supplied 
with the amplitude value data from the multiplying unit 48a-2 and responds to the module timing as a clock to shift the 
data for the subsequent delaying unit. 
45 [0346] That is, the delaying units 48b-1 to 48b-5 function as a shift register. For example, of the data pieces shown 
in FIG. 49, the amplitude value data piece at an older timing is sequentially shifted for the subsequent stage as the 
amplitude value data in response to the module timing as a clock. 

[0347] For example, the amplitude value data pieces d4 to dO shown in FIG. 49 are held at the taps X0 to X4 of the 
delaying units 48b-1 tO 48b-5, and after one module timing elapses from that timing point, the data pieces are shifted. 

so At this timing point, the amplitude value data pieces d5 to d1 are held at th delaying units 48b-1 tO 48b-5 in series. 
[0348] The multiplying units 48c-1 to 48c-5, the adding units 48d-1 to 48d-5 and the sum calculating unit 48e are 
collectively arranged to calculate the sum of multiples each of which derives from multiplying the tap stored in each 
delaying unit 48b-1 to 48b-5 and a tap coefficient supplied from a tap coefficient holding unit 480-1 to 480-5, which will 
be described later on, together. The multiplying unit 48f is a unit for multiplying the data supplied from the sum calculating 

55 unit 48e by the coefficient k (in the case of FIG. 48, k = 4). 

[0349] Accordingly, it follows that the delaying units 48b-1 to 48b-5, the multiplying units 48c-1 to 48c-5, the adding 
units 48d-1 to 48d-5, the sum calculating unit 48e, and the multiplying unit 48f are in the convolution processing unit 
26a are arranged to collectively carry out a convolution calculation expressed in the following Equation (37). 
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Sn 

= k*(X0*C0 + X1*C1 + X2*C2 + X3*C3 + X4*C*) (37) 

5 

[0350] Further, the coefficient correction determining unit 26b is a unit for carrying out least-squares method for 
correcting the distortions of the amplitude and the phase contained in the width length data when the amplitude values 
extracted by the amplitude extracting unit 1i are examined as the tri-state value data and outputted therefrom. 
[0351] In more concretely, the coefficient correction determining unit 26b examines which of the three numbers, or 

10 M +r, M 0 M , H -r, the result Sn of the convolution processing corresponds to. Only if it is determined that the result of 
convolution processing obviously corresponds to any of the three numbers, "+1 "0", "-1 ", then the coefficient correction 
determining unit outputs an error Err indicating an error relative to a reference value. Conversely, if it is determined 
that there is no value in any of the three numbers to which the result of convolution processing obviously corresponds, 
the value of Err is set to zero and this value is generated therefrom. The coefficient correction determining unit is 

15 arranged to have a corresponding number determining unit 48g, a gO multiplying unit 48h, a Cdc coefficient holding 
unit 48i and an adding unit 48j. 

[0352] The filter coefficient calculating unit 26c is a unit for calculating tap coefficients CO to C5 utilized for the con- 
volution processing in the aforesaid convolution processing unit 26a based on the error value Err supplied from the 
aforesaid determining unit 26b. The filter coefficient calculating unit is arranged to have an a -multiplying unit 48k, 
20 multiplying units 48m-1 to 48m-5, adding units 48n-1 to 48n-5, and the tap coefficient holding units 480-1 to 480-5. 
[0353] Owing to the operations of the a-multiplying unit 48k, the multiplying units 48m-1 to 48m-5, the adding units 
48n-1 to 48n-5, and the tap coefficient holding units 480-1 to 480-5, the tap coefficients CO to C4 can be determined 
based on the following Equations (38) to (42). In the following Equations (38) to (42), a represents a convergence 
factor and the value thereof is selected from a range of 0 <a< 1 . 

25 

CO = CO +a # Err (38) 



30 



35 



C1 =C1 +a*Err 



C2 = C2 +a*Err 



C3 = C3 +a*Err 



(39) 
(40) 
(41) 



C4 = C4 +a*Err (42) 

40 

[0354] The tri-state value determining unit 26d shown in FIG. 47 is a unit for carrying out tri-state value determination 
on the amplitude value data having undergone the convolution processing in the convolution processing unit 26a based 
on an operation of comparison relative to a fixed slice level. That is, the multiplying unit 48a-2 provided in the convolution 
processing unit 26a, which is disposed on the preceding stage with respect to the tri-state value determining unit, 
45 carries out correction of comparison by using the fixed slice level ( " ± 0.5"), whereby the tri-state value determination 
can be effected. 

[0355] In more concretely, if the amplitude value data supplied from the convolution processing unit 26a and the 
fixed slice level "+0.5" are compared with each other, and as a result, it is determined that the amplitude value data is 
larger than the fixed slice level, then the amplitude value is determined as "+1" and the value is outputted therefrom. 

so Conversely, if the amplitude value data and the fixed slice level "-0.5" are compared with each other, and as a result, 
it is determined that the amplitude value data is smaller than the fixed slice level, then the amplitude value is determined 
as "-1 " and the value is outputted therefrom. Further, if it is determined that the amplitude value data falls within a range 
between the aforesaid two fixed slice levels, or "-0.5" and "+0.5". then the amplitude value is determined as "0" and 
the value is outputted therefrom. 

55 [0356] Further, the wave error determining unit 14i shown in FIG. 47 is a unit for determining an error of the amplitude 
value data having undergone the tri-state value determination in the LMS 14h in a manner concretely illustrated in FIG. 
50. In more concretely, when the amplitude value of the signal taken out by the amplitude extracting unit 1 k is determined 
as a data piece of "+1" or "-1" and outputted therefrom, of amplitude values of signal points having the same sign and 
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neighboring one another, the largest point is determined as a point of "+1 " and the smallest point is determined as a 
point of Further, an amplitude value other than those determined as a point of "+1"or "-T is determined as a point 
of "0". 

[0357] In a general case, the differentiated signal (see a waveform shown at reference 29b in FIG. 50) having un- 
5 dergone the band limiting in the adaptive-type band limiting differentiating unit 1f takes a value of M +1" or at the 
boundary point 29g and a value of "0" at-a flat portion 29h having no color change of the white or black region of the 
bar code. 

[0358] However, if the bar code printed face has a concave/convex portion or a blurred portion causing a noise or 
other factors causing reading error, a wave error (Wave Error) can be bought about in the aforesaid tri-state value 

10 determining unit 26d. That is, the aforesaid tri-state value determining unit can erroneously determine "+T for a true 
determination "0 M , "0" for a true determination or "0" for a true determination M -1\ and so on. 
[0359] In this case, according to the wave error determining unit 14i of the present embodiment, if the amplitude 
value data pieces of the signal points adjacent to each other have the same sign (Eye values such as signal points A1 
and A2 on the waveform 29c shown in FIG. 50, for example), these two amplitude values of the signal points are 

15 compared with each other/Then, correction is made in such a manner that a signal point having the larger amplitude 
value is determined as M +1" and the remaining point is determined as "0". 

[0360] In the case of the diagram of FIG. 50, the signal points A1 and A2 adjacent to each other are assigned with 
as a result of determination of the tri-state value determining unit 26d. However, the wave error determining unit 
14i compares the magnitude of the amplitude values of the signal points A1 and A2 with each other, and correction is 
20 made in such a manner that a signal point having the larger amplitude value is determined as " +1 " and the remaining 
point is determined as " 0 " (see reference 29f in FIG. 50). 

[0361] According to the above-described arrangement of the LMS 14h of the tri-state value generating unit 11, in the 
convolution processing unit 26a, respective amplitude values extracted at every module timing are stored in the delaying 
units (taps X0 to X4) 48b-1 to 48b-5, and the amplitude values stored in the delaying units 48b-1 to 48b-5 are shifted 

25 in response to the module timing serving as a clock, respectively. 

[0362] In the convolution processing unit 26a, the amplitude values stored in the delaying units 48b-1 to 48b-5 and 
the filter coefficients calculated by the filter coefficient calculating unit 26c are utilized for carrying out the convolution 
calculation expressed by the aforesaid Equation (37) in response to each module timing, for example. The tri-state 
value determining unit 26d examines which of the values "+1*\ "0", "-I" the result Sn of the convolution processing 

30 corresponds to. 

[0363] When the aforesaid convolution processing unit 26a and the tri-state determining unit 26d carry out determi- 
nation on the data having undergone the tri-state data forming process and output the resultant data therefrom, the 
coefficient correction determining unit 26b effects the least-squares method to correct the distortion in the amplitude 
and the phase contained in the width length data signal. In more concretely, a certain value ranges are prepared and 
35 only if it is determined that the result obviously corresponds to any of the three numbers, "+V\ "0", "-1", then the 
coefficient correction determining unit outputs an error Err as an error with respect to the reference value. Conversely, 
if it is determined that there is no value obviously corresponding to any of the three numbers, the value of Err is set to 
zero and this value is generated therefrom. 

[0364] The value of Err is subjected to the aforesaid calculation processing expressed by equations (38) to (42) 
40 concerning the respective filter coefficient values CO to C5. In response to the subsequent module timing, the convo- 
lution calculation using the tap coefficients calculated as described above is carried out in the convolution processing 
unit 26a. However, also the coefficient correction determining unit 26b carries out the filter coefficient calculation using 
the new convergence factor a. 

[0365] If the value of Err is equal to or smaller than a certain value, or the processing goes through a predetermined 
45 number of processing routines, the processing in the LMS 14h is closed. Then, the finally obtained filter coefficients 
are utilized to carry out the convolution processing together with the amplitude data series at every module timing 
obtained in the initial step. In this way, intersymbol interference distortion due to the Gaussian beam or the like can be 
corrected and an eye pattern can be widely opened (see FIG. 51(b)) as compared with a case in which the above- 
described automatic equalizing processing is not carried out (see FIG. 51(a)). 
so [0366] Further, when the amplitude value of the signal taken out by the amplitude extracting unit 1k is determined 
as a data piece of or and outputted therefrom, the wave error determining unit 14i carries out determination 
in such a manner that, of amplitude values of signal points having the same sign and neighboring one another, the 
largest point is determined as a point of "+r. the smallest point is determined as a point of "-1 ", and an amplitude value 
other than those determined as a point of or is determined as a point of "0". 
55 [0367] As described above, according to the present embodiment, owing to the tri-state value generating unit 11, 
the amplitude values extracted in accordance with the timing point can be led as tri-state value formulated data. There- 
fore, it becomes possible to suppress the size of hardware and a price thereof and to improve an S/N ratio of a reading 
signal and reading resolution. Moreover, even if depth of field for reading is enlarged or a concave/convex portion or 
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a blurred portion is left on the reading face, reading precision can be improved. 

[0368] Moreover, the LMS 14h brings advantages particularly when photoelectric converted signal of a reflected ray 
of a Gaussian beam is acquired as an acquired signal. That is, owing to this unit, delay or distortion due to a group of 
circuits can be corrected together with the distortion due to the intersymbol interference caused by the Gaussian beam 
or the like, with the result that the aforesaid reading resolution can be remarkably improved. 

(E) Description of Example of Characteristic of Bar Code Reading Apparatus According to Present Embodiment 

[0369] According to the above-described bar code reading apparatus of the present embodiment, as shown in FIGS. 
1 or 52, a light beam emitted from the laser diode 1a-1 is refracted by a mirror or the like, although not shown, so as 
to lead into the polygon mirror 1a-2. 

[0370] The polygon mirror 1a-2 can be rotated at a rate of R[rpm] so that the light beam refracted by the polygon 
mirror 1a-2 can be led as a scanning beam to the outside of the apparatus housing. A plural number of mirrors may 
be provided so that a multi-pattern scanning is created by the scanning beam. 

[0371] In this case, as shown in FIG. 52, L0[m] is taken as a distance from a glass window, which serves as a 
boundary between the internal space of the apparatus housing and the outside thereof, to the polygon mirror 1a-2 as 
an emitting point. L1[m] is taken as a distance (depth of field for reading) from the glass window to the bar code as a 
target of reading. Then, a beam speed v[m/s] upon scanning the bar code can be expressed by the following Equation 
(43). 

v = (LO + L1)*0> 

= (LO + Ll)*(R[rpm]*l/60*27T) -(43) 

[0372] Then, as shown in FIG. 53, if one module width of the minimum readable bar code is set to bar [m] , the depth 
of field for reading thereat L1max[m], and the beam speed thereof vmax[m/s], then the beam speed can be given as 
Equation (44). Thus the frequency f mod, which is half the elemental frequency (module frequency) , can be expressed 
by Equation (45). 

v max = (L0 + |_1 max)*(R*27i/60) (44) 



f mod = 2*bar/vmax 
=2*bar/((L0 + L1 max)*(R*27c/60)) (45) 

[0373] As a consequence, by using f mod obtained by the above Equation (45) and the sampling frequency fs of the 
AD converter 1d, fs/f mod can be calculated. This value serves as an index expressing the fineness of sampling. 
[0374] FIG. 54(a) is a table showing values of f mod obtained by using the aforesaid Equation (45) under the variable 
conditions of mag, bar and the beam speed v. The values of f mod obtained by the above process are applied to the 
bar code reading apparatus according to the present embodiment. FIGS. 54(b), 54(c) and 54(d) are each table showing 
the result of calculation on the fs/f mod under the condition that the sampling frequency fs is set to any of 5MHz, 1 0MHs 
and 20MHz, respectively. 

[0375] If it is desired to achieve bar code reading performance with the values of mug, bar listed in FIG. 54(b) to 54 
(d) by a conventional type of bar code reading apparatus, a sampling frequency fs of 40MHz is requested. In this case, 
values of fs/f mod become as shown in FIG. 54(e). That is, as shown in FIG. 54(e), about ten times or more fineness 
in the sampling frequency is requested under all value setting conditions. 

[0376] Conversely, according to the bar code reading apparatus of the present embodiment, if the reading conditions 
composed of the values of mug, bar and so on are set in the same manner as those shown in FIG. 54(e), reading can 
be executed at a relatively low frequency. Therefore, even if the value of fs/fmod is set in accordance with the following 
Equation (46), the required bar code reading accuracy will be satisfactorily secured. 

2 < fs/f mod g 10 (46) 
[0377] The above equation can be held in the present invention. 
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[0378] Accordingly, also in this case, the reading apparatus is not requested to have a circuit capable of handling a 
wide band characteristic on the receiving side thereof. Moreover, if the signal-to-noise ratio (S/N) is improved, the 
reading area can be enlarged, the reading resolution can be improved and the reading accuracy can be improved even 
when the medium itself contains a cause of reading noise. Furthermore, the reading apparatus can be free from being 
5 equipped with a clock operated at a high rate in order for measuring the elemental unit length of the information length 
of the binary digit information. Therefore, even if the sampling accuracy is lowered, the reading accuracy of the binary 
digit information can be kept high, and cost performance in hardware constituting the apparatus will be improved while 
the performance of the apparatus is enhanced. 

[0379] A bar code reading apparatus having the aforesaid value of fs/fmod set to "1 0", "20" or more can be realized 
10 without any difficulty as an implementation of the present invention. 

(F) Other Disclosure 

[0380] The above-described bar code reading apparatus belongs to a type in which a light beam is generated by an 

15 LD (Laser Diode) and scanned on the bar code so that the reflected light beam deriving therefrom is utilized to detect 
the white and black bar code. However, the present invention can be similarly applied to another type of bar code 
reading apparatus in which a ray of light generated by a CCD (Charge Coupled Device) and traveling from the outside 
is utilized to detect the white and black bar code. In this case, the arrangement of the optical scanning section 1 A may 
be obviated and a function unit as an analog processing unit is provided with the CCD. 

20 [0381] While the above-described embodiment is concerned with a bar code reading apparatus for reading bar code 
information contained in a bar code, the present invention can be applied to a case in which reading is effected on a 
medium having recorded thereon amark other than the bar code having a data group expressed by information elements 
with a width length data composed of a white region and a black region, the white region and the black region being 
alternately disposed to construct a predetermined pair of information elements, and the information composed of the 

25 data groups are read as an integer ratio between each width length data pair. 

[0382] Further, the present invention does not require an assumption that the information of data group is read from 
the above-described medium as an integer ratio of each width length data pair. That is, the present invention can be 
applied to a case in which acquisition is made on a signal containing binary digit information simply deriving from 
information elements having a predetermined information length and arrayed one-dimensionally, and information read- 

30 ing is executed on the ratio of information length of the binary digit information. 

[0383] Further, as described above, the bar code reading apparatus according to the above-described present em- 
bodiment is provided with the AD converter 1d on the input side of the reading processing section 1C and the reading 
processing section 1C is arranged to carry out the cut-out processing by using a digital signal processing. However, 
particularly, the function unit for carrying out the digital signal processing may be composed of firmware or the like. 

35 Also, it is reasonable choice to construct the function unit with software or hardware. 

[0384] Further, if an arrangement is made on the reading processing section 1C shown in FIG. 1 so as to omit the 
AD converter 1d on the input side thereof, an analog signal processing may be introduced so as to replace for the 
aforesaid cut-out unit 1e, the module frequency extracting unit 1g and the band limiting differentiation processing unit 
1 h. In this case, an option can be selected in such a manner that a function for carrying out the AID conversion process- 

40 ing is provided in the decimation processing unit 1h\ 

[0385] Furthermore, processing imposed on respective processing units of the barcode reading apparatus according 
to the present embodiment may be separately imposed on a plurality of printed board modules, card modules and so 
on which are operated by firmware, hardware circuit and so on. Also, the same processing may be imposed on an 
information processing apparatus operated in accordance with a software. 

45 [0386] For example, as shown in FIG. 55, a printed board module 1D may be introduced and this printed board 
module 1D is connected to an information processing terminal 1F. Thus, the whole system is made to serve as the 
aforesaid bar code reading apparatus shown in FIG. 1 . 

[0387] That is, the printed board module 1 D is made to have functions of the cut-out unit 1e, the adaptive-type band 
limiting differentiating unit if and the every module point amplitude extracting unit 1i shown in FIG. 1. Also, the infor- 
so mation processing terminal operated in accordance with a software may be made to have functions of the module 
number calculating unit 1 m and the character arrangement checking unit 1 n. 

[0388] In other words, the printed board module 1D shown in FIG. 55 can function as a read signal processing unit 
having the module frequency extracting unit 1 g, the band limiting differentiation processing unit 1 h and the every module 
point amplitude extracting unit 1i, the module frequency extracting unit acquiring a signal (see "W" or "B M shown at 
55 reference 6a in FIG. 10) containing the binary digit information of information elements having a predetermined infor- 
mation length and arrayed in a one-dimensional manner and also serving as means for extracting the elemental fre- 
quency (module frequency) corresponding to the elemental unit length (module length) of the information length of the 
binary digit information from the acquired signal, the band limiting differentiation processing unit and the every module 
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point amplitude extracting unit serving as units for effecting the band limiting processing on the acquired signal based 
on the extracted elemental frequency information and thereafter extracting boundary information of the binary digit 
information. 

[0389] In addition to the aforesaid example of FIG. 55, an arrangement can be made as shown in FIG. 56. That is, 

5 as shown in FIG. 56, a printed boar module 1 E as a read signal processing unit and an information processing terminal 
1G connected with the printed board module 1D will function as the bar code reading apparatus. 
[0390] That is, the printed board module 1 E is made to have functions of the cut-out unit 1 e, the adaptive-type band 
limiting differentiating unit 1f, the every module point amplitude extracting unit 1i and the module number calculating 
unit 1m shown in FIG. 1. Also, the information processing terminal operated in accordance with a software may be 

10 made to have a function of the character arrangement checking unit 1n. 

[0391] In other words, the printed board module 1E shown in FIG. 56 can function as a read signal processing unit 
having the module frequency extracting unit 1g, the band limiting differentiation processing unit 1h, the every module 
point amplitude extracting unit 1i and the module number calculating unit 1m, the module frequency extracting unit 
acquiring a signal containing the binary digit information of information elements having a predetermined information 

is length and arrayed in a one-dimensional manner and also serving as means for extracting the elemental frequency 
(module frequency) corresponding to the elemental unit length of the information length of the binary digit information 
from the acquired signal, the band limiting differentiation processing unit, the every module point amplitude extracting 
unit and the module number calculating unit serving as units for effecting the band limiting processing on the acquired 
signal based on the extracted elemental frequency information and thereafter extracting a ratio of information length 

20 of the binary digit information. 

[0392] Accordingly, the read signal processing unit is arrange to have the module frequency extracting unit 1g as 
means for extracting the elemental frequency and the every module point amplitude extracting unit 1i as means for 
extracting the boundary information of the binary digit information. Therefore, at least a function carrying out the proc- 
esses of from the band limitation to the tri-state value generation can be separately provided from other function units. 

25 Thus, the portion of the read signal processing unit can independently find extensive application field of processing in 
other information processing apparatus, with the result that the apparatus can be more generally utilized and the ap- 
paratus arrangement comes to have a large variation. 

[0393] The present invention is not limited to the above-described embodiments but various changes maybe effected 
without departing from the gist of the present invention. 
30 [0394] Moreover, persons skilled in the art can construct the apparatus of the present invention based on the dis- 
closure of respective embodiments of the present invention. 

INDUSTRIAL APPLICABILITY 

35 [0395] As described above, the method of reading information according to the present invention is useful in a case 
where signal acquisition is made on a signal containing binary digit information deriving from information elements 
having a predetermined information length and arrayed one-dimensionally on a medium, and width information repre- 
sented by binary digit amplitude information contained in the acquired signal is read in a form of integer number ratio. 
The present invention is particularly applicable to a bar code scanner. 

40 

Claims 

1. A method of reading information characterized by comprising steps of: 

45 

acquiring from a medium, a signal containing binary digit information having a predetermined information length 
and a one-dimensional arrangement; 

extracting information concerning an elemental unit length of the information length of the binary digit infor- 
mation from the acquired signal; and 
50 reading a ratio of the binary digit information to the information length based on the extracted elemental unit 

length information. 

2. A method of reading information according to Claim 1 , characterized in that the elemental unit length information 
is extracted as an elemental frequency information corresponding to the elemental unit length, a band limiting 

55 processing is effected on the acquired signal based on the extracted elemental frequency information, and there- 

after the ratio of the information length of the binary digit information is read. 



3. A method of reading information according to Claim 2, characterized in that a periodic signal is generated so as 
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to. be synchronism with the acquired signal and have an elemental frequency corresponding to the elemental unit 
length, whereby the elemental unit length information is extracted. 

An information reading apparatus characterized by comprising: 

a signal acquiring unit for acquiring from a medium, a signal containing binary digit information having a pre- 
determined information length and an arrangement; 

an elemental frequency extracting unit for extracting an elemental frequency corresponding to an elemental 
unit length of the binary digit information of the information length from the acquired signal; 
a band limiting unit for limiting a frequency band of the acquired signal based on the extracted elemental 
frequency information; 

a timing point extracting unit for extracting a timing point which is in synchronism with the acquired signal and 
has the elemental frequency, based on the acquired signal and the elemental frequency information; 
an amplitude extracting unit for extracting an amplitude value of a signal from the band limiting unit in accord- 
ance with the timing point extracted by the timing point extracting unit; 

a tri-state value generating unit for generating tri-state value data from the amplitude values extracted by the 
amplitude extracting unit in accordance with the timing point; and 

a reading unit for reading a ratio of the binary digit information to the information length by calculating the tri- 
state value data generated by the tri-state value generating unit. 

An information reading apparatus according to Claim 4, characterized in that the signal acquiring unit comprises 
a photoelectric converting unit for receiving a ray of incident light and converting the received ray of light into an 
electric signal based on the photoelectric conversion, a determining unit for determining whether the electric signal 
supplied from the photo-electric converting unit derives from photo-electric conversion effected on the ray of light 
reflected on the medium or not, and a gate unit arranged to respond to the result of determination of the determining 
unit in such a manner that if it is determined that the signal component derives from photoelectric conversion 
effected on the reflected ray of light then the signal component is acquired as the acquired signal while if it is 
determined that the signal component derives from photoelectric conversion effected on any ray of light other than 
the reflected ray of light then the signal component is excluded from an object of a signal to be acquired. 

An information reading apparatus according to Claim 5, characterized by an arrangement such that the deter- 
mining unit is supplied with a signal deriving from conversion from an analog signal status to a digital signal status 
effected on the electric signal from the photoelectric converting unit, and the determining unit determines whether 
the signal derives from photoelectric conversion effected on the ray of light reflected on the medium or not. 

An information reading apparatus for reading information from a medium having a mark representing a data group 
composed of a predetermined number of pairs of information elements, each of the information elements being 
composed of a white region and a black region disposed alternately with a certain width arranged to have an 
association with coded data, the information reading apparatus acquiring the data group information as an integer 
number ratio between the data widths of each information element pair, the information reading apparatus com- 
prising: 

a signal acquiring unit for detecting an analog signal having a variation corresponding to an intensity variation 
of a reflected ray of light which is caused by scanning the mark on the medium with a ray of light running at a 
predetermined velocity in the scanning direction, and effecting a sampling operation on the continuous signal 
at a predetermined sampling frequency to acquire the data group information represented by the mark recorded 
on the medium in a form of digital signal; 

an elemental frequency extracting unit for extracting an elemental frequency corresponding to an elemental 
unit length of the width of the while region and the black region from the acquired signal in the form of digital 
signal; 

a band limiting unit for limiting a frequency band of the acquired signal based on the extracted elemental 
frequency information; 

a timing point extracting unit for extracting a timing point which is in synchronism with the acquired signal and 
has the elemental frequency, based on the acquired signal and the elemental frequency information; 
an amplitude extracting unit for extracting an amplitude value of a signal from the band limiting unit in accord- 
ance with the timing point extracted by the timing point extracting unit; 

a tri-state value generating unit for generating tri-state value data from the amplitude values extracted by the 
amplitude extracting unit in accordance with the timing point; and 
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a reading unit for reading a ratio of the binary digit information to the information length by calculating the tri- 
state value data generated by the tri-state value generating unit, wherein 

relationship among a width, barfoim] of the white region or the black region representing the elemental unit 
length of the binary digit information, the scanning velocity, vmax[m/s] of the scanning ray of light, and the 
sampling frequency, fs [MHz] can be expressed by the following equation 

2 < fs/(2*bar/vmax) ^ 1 

8. A method of acquiring a signal for use with an information reading apparatus having a signal acquiring unit for 
acquiring a signal containing binary digit information recorded on a medium so as to have a predetermined infor- 
mation length, the information reading apparatus being arranged to extract information regarding an elemental 
unit length of the information length of the binary digit information from the acquired signal, thereby to read a ratio 
of the binary digit information to the information length based on the extracted elemental unit length information, 
the method of acquiring a signal for use with the information reading apparatus characterized in that 

the signal acquiring unit acquires a signal containing the signal component and also a component other than 
one deriving from the medium having the binary digit information recorded thereon, determination is made on the 
acquired signal so as to identify a signal portion deriving from the medium having the binary digit information 
recorded thereon by using an amplitude averaging calculation processing, and 

the signal component deriving from the medium is cut out in accordance with the result of determination, and 
the cut-out portion is acquired as a signal containing the binary digit information. 

9. A method of effecting a band limiting processing for use with an information reading apparatus having a signal 
acquiring unit for acquiring a signal containing binary digit information recorded on a medium so as to have a 
predetermined information length, the information reading apparatus being arranged to extract information regard- 
ing an elemental unit length of the information length of the binary digit information from the acquired signal, thereby 
to read a ratio of the binary digit information to the information length based on the extracted elemental unit length 
information, the method of effecting a band limiting processing for use with the information reading apparatus 
characterized in that 

as a preprocessing for reading the ratio data of the binary digit information to the information length, an 
elemental frequency corresponding to the elemental unit length is extracted from the acquired signal, and the 
frequency band of the acquired signal is limited based on the extracted elemental frequency. 

10. A method of extracting a timing point amplitude for use with an information reading apparatus having a signal 
acquiring unit for acquiring a signal containing binary digit information recorded on a medium so as to have a 
predetermined information length, an elementary frequency extracting unit for extracting an elementary frequency 
corresponding to an elementary unit length of the information length of the binary digit information obtained from 
the acquired signal, and a band limiting unit for limiting a frequency band of the acquired signal based on the 
extracted elemental frequency information, wherein a ratio of the binary digit information to the information length 
is read from the signal having undergone the frequency band limitation in the band limiting unit, the method of 
extracting the timing point amplitude for use with the information reading apparatus characterized in that 

as a preprocessing for reading the ratio data of the binary digit information to the information length, a timing 
point in synchronism with the acquired signal and having the elemental frequency is extracted based on the ac- 
quired signal and the elemental frequency information, an amplitude value of a signal from the band limiting unit 
is extracted in accordance with the extracted timing point, and tri-state value data is generated from the extracted 
amplitude values in accordance with the timing point. 

11. A method of reading information from a medium having a mark recorded thereon, the mark representing a data 
group composed of a predetermined number of information element pairs each composed of a white region and 
a black region each having a width length and disposed alternately on the mark for representing the data group, 
the method of reading information achieving information reading by acquiring the data group information as an 
integer number ratio between the width length data of each information element pair, characterized by comprising 
steps of: 

scanning a ray of light on the mark at a predetermined velocity to cause a reflected ray of light, detecting a 
signal having a variation corresponding to an intensity variation of the reflected ray of light deriving from the 
scanning in the scanning direction, thereby acquiring a signal containing binary digit information corresponding 
to the intensity variation of the reflected ray of light; 
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extracting an elemental frequency corresponding to an elemental width time of the width data from the acquired 
signal; 

effecting band limitation on the acquired signal to obtain an optimum signal band based on the extracted 
elemental frequency; and 

5 reading integer number ratio between the data widths of each information element pair from the acquired 

signal having undergone the band limitation based on the elemental frequency. 

12. A method of reading information according to Claim 11, characterized in that each processing from a step of 
acquiring the detected signal having the intensity variation in the reflected ray of light to a step of reading the 

10 integer number ratio between the width length data of each information element pair contains a differential process- 

ing characteristic of a time span substantially corresponding to the elemental width time or a time span substantially 
corresponding to one slightly smaller than the elemental width time. 

13. A method of reading information according to -Claim 11, characterized in that each processing from a step of 
15 acquiring the detected signal having the intensity variation in the reflected ray of light to a step of reading the 

integer number ratio between the width length data of each information element pair contains a differentiating 
processing characteristic of a gain peak frequency substantially corresponding to the elemental frequency equiv- 
alent to the elemental width time or a frequency substantially corresponding to one slightly larger than the elemental 
frequency. 

20 

14. A method of reading information according to Claim 13, characterized in that the differentiating processing char- 
acteristic is arranged to have a gain characteristic of a cosine equivalent characteristic having a gain peak fre- 
quency substantially corresponding to the elemental width time of the width information of the input signal or a 
gain peak frequency substantially corresponding to one slightly larger than the gain peak frequency whereas the 

25 differentiating processing characteristic is arranged to have a phase characteristic tending to vary lineally with 

respect to the frequency. 

15. A method of reading information according to Claim 13, characterized in that the differentiating processing char- 
acteristic is arranged to have a gain characteristic of a squared-cosine equivalent characteristic having a gain peak 

30 frequency substantially corresponding to the elemental width time of the width information of the input signal or a 

gain peak frequency substantially corresponding to one slightly larger than the gain peak frequency whereas the 
differentiating processing characteristic is arranged to have a phase characteristic tending to vary lineally with 
respect to the frequency. 

35 1 6. A method of reading information according to Claim 1 1 , characterized in that the step of extracting the elemental 
frequency is further arranged to comprise steps of: 

effecting a differentiating processing on the acquiring signal in such a manner that the gain peak frequency is 
set to a value equal to or larger than the maximum frequency of the acquired signal in a signal acquisition 
to allowable region; 

effecting a squaring processing on a signal having undergone the differentiating processing; 
analyzing the result deriving from the squaring processing based on frequency spectrums; and 
determining that a significant certain frequency except for 0Hz is regarded as the elemental frequency based 
on the result of analysis using the frequency spectrums. 

45 

17. A method of reading information according to Claim 11 , characterized in that the step of extracting the elemental 
frequency is further arranged to comprise steps of: 

effecting a differentiating processing on the acquiring signal in such a manner that the gain peak frequency is 
50 set to a value equal to or larger than the maximum frequency of the acquired signal in a signal acquisition 

allowable region; 

effecting a squaring processing on a signal having undergone the differentiating processing; 
analyzing the result deriving from the squaring processing based on frequency spectrums; 
determining that a significant certain frequency except for 0Hz is regarded as the elemental frequency based 
55 on the result of analysis using the frequency spectrums; 

effecting demodulating processing on the signal having undergone the squaring processing based on the 

frequency obtained by the frequency calculation and forming the signal into a vector; 

removing a high frequency component from the signal having undergone the demodulation and the vector 
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formation; 

obtaining a phase difference between a signal from which the high frequency component is removed and a 
signal delayed by one sample time from that signal; 

calculating a deviation of the elemental frequency in terms of frequency relative to the obtained elemental 
5 frequency based on the above-obtained phase difference; and 

determining that the result obtained by adding the calculated frequency deviation to the obtained elemental 
frequency is the elemental frequency information 

18. A method of reading information according to Claim 11, characterized in that when the signal containing the 
10 binary digit information is acquired, the manner of signal acquisition is such that the signal is acquired as a digital 

signal having undergone sampling operation at a predetermined sampling interval, and as a preprocessing for 
reading the integer number ratio between the width length data of each information element pair, data number 
decimation is effected on the digital signal having undergone the signal band limitation in accordance with the 
elemental frequency information. 

15 

19. A method of reading information from a medium having a mark recorded thereon, the mark representing a data 
group composed of a predetermined number of information element pairs each composed of a white region and 
a black region each having a width length and disposed alternately on the mark for representing the data group, 
the method of reading information achieving information reading by acquiring the data group information as an 

20 integer number ratio between the width length data of each information element pair, the method characterized 

by comprising steps of: 

scanning a ray of light on the mark at a predetermined velocity to cause a reflected ray of light, detecting a 
signal having a variation corresponding to an intensity variation of the reflected ray of light deriving from the 
25 scanning in the scanning direction, thereby acquiring a signal containing binary digit information corresponding 

to the intensity variation of the reflected ray of light; 

extracting a timing point containing the width data from the acquired signal; and 

reading the integer number ratio between the data widths of each information element pair from the mark in 
accordance with the extracted timing point. 

30 

20. A method of reading information according to Claim 19, characterized in that when the timing point is extracted, 
differentiating processing is effected on the acquired signal, a timing point is specified in the signal having under- 
gone the differentiating processing in order that the information length of the binary digit information recorded on 
the medium can be read, and tri-state value digital information is extracted from the amplitude of the signal having 

35 undergone the differentiating processing at every specified timing point. 

21. A method of reading information according to Claim 20, characterized in that when the timing point is extracted, 
a frequency signal corresponding to the elemental time width of the information length of the binary digit information 
is extracted from the signal having undergone the differentiating processing, and the extracted frequency signal 

40 is utilized to specify the timing point in the signal having undergone the differentiating processing. 

22. A method of reading information according to Claim 20, characterized in that when the timing point is extracted, 
a periodic signal corresponding to the elemental time width of the information length of the binary digit information 
is extracted from the signal having undergone the differentiating processing, and the extracted frequency signal 

45 is utilized to specify the timing point in the signal having undergone the differentiating processing. 

23. A method of reading information according to Claim 20, characterized in that when the tri-state digital information 
is extracted, an amplitude value is taken but from the signal having undergone the differentiating processing at 
every specified timing point, and the taken-out amplitude value of the signal is converted into tri-state value digital 

so data. 

24. A method of reading information according to Claim 19, characterized in that when the timing point is extracted, 
differentiation processing is effected on the acquired signal, a frequency component corresponding to the elemental 
width time of the width length data is extracted while the signal having undergone the differentiation processing is 

55 handled as an input signal, a periodic signal is generated so as to correspond to the elemental width time while 

the signal having undergone the differentiating processing is handled as an input signal, and a timing point corre- 
sponding to the existing point of the mark width information is specified while the generated periodic signal is 
handled as an input signal, whereas 
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when the integer number ratio between the width length data of each information element pair is read, an 
amplitude value is taken out from the signal having undergone the differentiation processing at every specified 
timing point, and the amplitude value of the signal taken out at every specified timing point is converted into tri- 
state value digital data. 

5 

25. A method of reading information according to Claim 24, characterized in that when the differentiation processing 
is effected on the acquired signal, the differentiation processing is carried out by using a frequency as a gain peak 
frequency which corresponds to the elemental width time while the acquired signal is handled as an input signal, 
and a periodic signal is generated so as to correspond to a frequency equivalent to the elemental width time while 

10 the resultant signal having undergone the differentiation processing is handled as an input signal. 

26. A method of reading information according to Claim 24, characterized in that the step of extracting the frequency 
component corresponding to the elemental width time is further arranged to comprise steps of: 

15 effecting a differentiating processing on the acquired signal in such a manner that the gain peak frequency is 

set to a value equal to or larger than the maximum frequency of the acquired signal in a signal acquisition 
allowable region; 

effecting a squaring processing on a signal having undergone the differentiation processing; 
analyzing the result deriving from the squaring processing based on frequency spectrums; and 
20 determining that a significant certain frequency except for 0Hz is regarded as the elemental frequency based 

on the result of analysis using the frequency spectrums. 

27. A method of reading information according to Claim 24, characterized jn that the step of extracting the frequency 
component corresponding to the elemental width time is further arranged to comprise steps of: 

25 

effecting a differentiation processing on the acquired signal in such a manner that the gain peak frequency is 
set to a value equal to or larger than the maximum frequency of the acquired signal in a signal acquisition 
allowable region; 

effecting a squaring processing on a signal having undergone the differentiation processing; 
30 analyzing the result deriving from the squaring processing based on frequency spectrums; 

determining that a significant certain frequency except for 0Hz is regarded as the elemental frequency based 
on the result of analysis using the frequency spectrums; 

effecting demodulation processing on the signal having undergone the squaring processing based on the 
frequency obtained by the frequency calculation and forming the signal into a vector; 
35 removing a high frequency component from the signal having undergone the demodulation and the vector 

formation; 

obtaining a phase difference between a signal from which the high frequency component is removed and a 
signal delayed by one sample time from that signal; 

calculating a deviation of the elemental frequency in terms of frequency relative to the obtained elemental 
40 frequency based on the above-obtained phase difference; and 

determining that the result obtained by adding the calculated frequency deviation to the obtained elemental 
frequency is the elemental frequency information. 

28. A method of reading information according to Claim 24, characterized in that when the periodic signal is generated 
45 so as to correspond to the elemental width time, the gain characteristic thereof is set to a squared cosine charac- 
teristic having a gain peak frequency which is twice the frequency corresponding to the elemental width time, and 
the phase characteristic thereof is set to a characteristic having no variation in connection with the frequency. 

29. A method of reading information according to Claim 24, characterized in that when the periodic signal is generated 
so so as to correspond to the elemental width time, the characteristic thereof is set to one such that the band width 

is proportional to a reciprocal of a time period representing width length data of the white region and the black region. 

30. A method of reading information according to Claim 24, characterized in that when the timing point is specified, 
calculation is made to determine a phase of the periodic signal corresponding to the elemental time width of the 

55 width length data, and the timing point is specified based on the calculated phase information. 

31. A method of reading information according to Claim 30, characterized in that when the calculation is made to 
determine the phase of the periodic signal corresponding to the elemental time width of the width length data, the 
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periodic signal corresponding to the elemental time width of the width length data is formed into a vector, and 
calculation is made to determine the phase thereof while the signal formed into the vector is handled as an input 
signal. 

5 32. A method of reading information according to Claim 31, characterized in that when the periodic signal corre- 
sponding to the elemental time width of the width length data is formed into a vector, the periodic signal corre- 
sponding to the elemental width time of the width length data is set to a real number part and a number deriving 
from Hilbert transform applied to the periodic signal corresponding to the elemental width time of the width length 
data is set to an imaginary number part. 

10 

33. A method of reading information according to Claim 30, characterized in that time information regarding a point 
at which the phase of the periodic signal becomes zero degree is extracted, and this extracted time information is 
specified as a timing point. 

15 34. A method of reading information according to Claim 33, characterized in that when a signal containing the binary 
digit information is acquired, the signal is acquired as a digital signal created by sampling operation at a predeter- 
mined sampling interval, search is made on the result of calculation effected on the phase of the periodic signal 
for finding a couple of signal points which are adjacent to each other and at which the sign of the signal is changed, 
and a signal point closer to a zero-degree phase is specified as the timing point. 

20 

35. A method of reading information according to Claim 34, characterized in that time error of the specified timing 
point with respect to the point at which the phase of the periodic signal becomes zero degree is extracted, and the 
signal having undergone the differentiation processing is delayed by an amount corresponding to the time error 
at every timing point at which the time error is extracted. 

25 

36. A method of reading information according to Claim 35, characterized in that when the signal having undergone 
the differentiation processing is delayed by an amount corresponding to the time error at every timing point at 
which the time error is extracted, a filter processing is effected in a convolution manner in such a way that the gain 
thereof is set to one up to the maximum input signal band in which the signal can be acquired as the intensity 

30 variation state detecting signal, the gain thereof is gradually attenuated as the frequency of the processing is 

remote from the band, and that the signal is delayed by an amount in proportional to the extracted time error. 

37. A method of reading information according to Claim 36, characterized in that when coefficients for the filter 
processing are determined, a filter characteristic function is determined in such a way that the gain thereof is set 

35 to one up to the maximum input signal band in which the signal can be acquired as the intensity variation state 

detecting signal and the gain thereof is gradually attenuated as the frequency of the processing is remote from 
the band, a function for delaying the signal by an amount in proportional to the amount of extracted time error is 
created, this function is added with the filter characteristic function, and that the result of addition is subjected to 
an inverse Fourier transform. 

40 

38. A method of reading information according to Claim 36, characterized in that when coefficients for the filter 
processing are determined, sets of filter coefficients corresponding to a plurality of delay filter characteristics are 
prepared in advance so as to handle various amounts of the extracted time errors, it is determined which of the 
filter processing characteristic of the plurality of filter characteristics is to be applied depending on the amount of 

45 the extracted time error, and a set of filter coefficients is selected so that the set of filter coefficients provides a 

filter characteristic capable of handling the result of determination. 

39. A method of reading information according to Claim 36, characterized in that when coefficients for the filter 
processing are determined, an impulse response data is obtained based on the filter characteristic function such 

50 that the gain thereof is set to one up to the maximum input signal band in which the signal can be acquired as the 

intensity variation state detecting signal and the gain thereof is gradually attenuated as the frequency of the 
processing is remote from the band, and the impulse response data is subjected to an interpolation processing 
depending on the amount of the extracted time error, whereby the filter coefficients are determined. 

55 40. A method of reading information according to Claim 39, characterized in that when the impulse response data 
is subjected to an interpolation processing, a first-order approximation is employed. 

41 . A method of reading information according to Claim 24, characterized in that when the amplitude values extracted 
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at every timing point are converted into a tri-state value digital signal, the amplitude values of the extracted signal 
are subjected to a determination/output process for classifying the values into tri-state data composed of digits of 
"+r ,"0" ,and M -1 M , and 

on the basis of the tri-state value data, each digit is associated with an edge existing point in such a manner 
that a signal point containing a data piece of "+T corresponds to one of the edge existing points of the white region 
and the black region, a signal point containing a data piece of corresponds to the other of the edge existing 
points of the white region and the black region, and a signal point containing a data piece of "0" corresponds to a 
point at which no edge is present, whereby the integer number ratio between the width length data of each infor- 
mation element pair is read. 

42. A method of reading information according to Claim 41 , characterized in that when the extracted amplitude values 
are subjected to the determination/output process as a tri-state value data, a least square method is applied to 
correct distortions in the amplitude and phase contained in the width length data signal. 

43. A method of reading information according to Claim 41, characterized in that when the amplitude values of the 
extracted signal are subjected to the determination/output process to generate data composed of M +1" or , 
determination is made in such a way that, of the amplitude values of signal points having the same sign and 
adjacent to each other, the largest point is associated with the smallest point is associated with "-1", and 
amplitude values other than those associated with "+r or are associated with "0". 

44. A method of reading information from a medium having a mark recorded thereon, the mark representing a data 
group composed of a predetermined number of information element pairs each composed of a white region and 
a black region each having a width length and disposed alternately on the mark for representing the data group, 
the method of reading information achieving information reading by acquiring the data group information as an 
integer number ratio between the width length data of each information element pair, the method characterized 
by comprising steps of: 

scanning the mark with a ray of light running at a predetermined velocity; 

receiving a ray of light coming from the outside and outputting an intensity variation detecting signal repre- 
senting the intensity variation of the received ray of light; and 

determining whether or not the received ray of light is one having scanned the mark and reflected therefrom 
based on the intensity variation detecting signal; wherein 

in accordance with the result of determination, a signal reflected on the mark coming from an intensity variation 
detecting width information medium is acquired as a signal for reading information of the data group as an 
integer number ratio between the width length data of each information element pair, while any component of 
the intensity variation state detecting signal other than the component of the ray of light reflected on the mark 
is excluded from an object of the signal to be acquired. 

45. A method of reading information according to Claim 44, characterized in that when examination is made to de- 
termine whether the received ray of light is one having scanned the mark and reflected therefrom or not, the 
intensity variation optical signal is subjected to a differentiation processing, the differentiated signal having under- 
gone the differentiating processing is squared, and moving average is calculated on the squared differentiated 
signal, and 

an intensity variation state detecting signal part is cut out from the ray of light reflected on the mark based 
on a value obtained by the method of moving average, whereby the cut-out signal part is acquired as a acquired 
signal. 

46. A method of reading information according to Claim 44, characterized by a procedure to be done when exami- 
nation is made to determine whether the received ray of light is one having scanned the mark and reflected there- 
from or not, the procedure comprising steps of: 

subjecting the intensity variation optical signal to a differentiation processing; 
squaring the differentiated signal; 

calculating moving average on the squared differentiated signal; 

examining whether the extracted maximum value of the moving averages exceeds a first threshold value or 
not to determine a status of validity for the squared differentiated signal in such a manner that, if it is determined 
that the maximum value exceeds the first threshold value the differentiated squared signal is regarded as a 
valid signal while if is determined that the maximum value does not exceed the first threshold value the differ- 
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entiated squared signal is regarded as an invalid signal; 

effecting an averaging processing on the differentiated squared signal in a period in which the differentiated 
squared signal is valid, thereby obtaining an averaged value thereof; 

extracting the maximum value from the differentiated squared signal in a period in which the differentiated 
squared signal is valid; 

calculating the difference between the averaged value and the maximum value of the differentiated squared 
signal in aperiod in which the differentiated squared signal is valid; 

comparing the difference with a predetermined second threshold value to determine a way of acquiring the 
intensity variation state detecting signal in such a manner that, if the difference is smaller than the second 
threshold value a portion of the intensity variation state detecting signal corresponding to the aforesaid period 
is cut out so that only the cut-out signal portion is acquired as an acquired signal while if the difference is larger 
than the second threshold value the portion of the intensity variation state detecting signal corresponding to 
the aforesaid period is excluded as an object to be acquired as the acquired signal. 

47. A method of reading information characterized by comprising a step of acquiring a value from a signal containing 
binary digit information having a predetermined information length and deriving from information elements arrayed 
one-dimensionally on a medium at every equal time interval, wherein 

when an elemental unit length of the information length of the binary digit information is extracted from the 
acquired signal, the portion of the signal for extracting the state of the binary digit information from the medium 
information has a band narrower than that of the characteristic for differentiation based on the equal time interval. 

48. A method of reading information according to Claim 47, characterized in that the elemental unit length information 
is extracted as elemental frequency information corresponding to the elemental unit length, the read signal is 
subjected to band-limitation processing based on the extracted elemental frequency information, and after differ- 
entiating processing is effected thereon, a ratio of binary digit information to the information length is read. 

49. A read signal processing unit comprising: 

means for acquiring a signal containing binary digit information having a predetermined information length 
and deriving from information elements arrayed one-dimensionally on a medium and extracting an elemental 
frequency corresponding to the elemental unit length of the information length of the binary digit information 
from the acquired signal; and 

means for effecting a band limiting processing on the acquired signal based on the extracted elemental fre- 
quency signal and thereafter extracting boundary information of the binary digit information. 

50. A read signal processing unit comprising: 

means for acquiring a signal containing binary digit information having a predetermined information length 
and deriving from information elements arrayed one-dimensionally on a medium and extracting an elemental 
frequency corresponding to the elemental unit length of the information length of the binary digit information 
from the acquired signal; and 

means for effecting a band limiting processing on the acquired signal based on the extracted elemental fre- 
quency signal and thereafter extracting a ratio of the information length of the binary digit information. 

51. A method of processing a read signal comprising steps of acquiring a signal containing binary digit information 
having a predetermined information length and deriving from information elements arrayed one-dimensionally on 
a medium, extracting an elemental frequency information corresponding to the elemental unit length of the infor- 
mation length of the binary digit information from the acquired signal, effecting a band limiting processing on the 
acquired signal based on the extracted elemental frequency signal, and thereafter extracting a ratio of the infor- 
mation length of the binary digit information, the method of processing a read signal carrying out further procedure 
upon extracting the elemental frequency, the further procedure comprising steps of: 

effecting a differentiation processing on the signal acquired from the medium in such a manner that the gain 
peak frequency is set to a value equal to or larger than the maximum frequency of the acquired signal in a 
signal acquisition allowable region; 

effecting a squaring processing on a signal having undergone the differentiating processing; 

analyzing the result deriving from the squaring processing based on frequency spectrums; 

calculating a characteristic data having a property inverse to an approximated characteristic data on the result 
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of the frequency spectrum analysis; 

correcting the result of the frequency spectrum analysis by using the inverse characteristic data obtained by 
the calculation; and 

extracting a significant certain frequency except for 0Hz as the elemental frequency based on the result of 
5 analysis using the frequency spectrums. 

52. A method of processing a read signal according to Claim 51 , characterized in that when the inverse characteristic 
data is calculated, a frequency decimation is effected on the analyzed data constituting the result of frequency 
spectrum analysis to obtain the approximated characteristic data, calculation for obtaining reciprocal data is ef- 

10 fected on the remaining analyzed data constituting the approximated characteristic data after undergoing the fre- 

quency decimation, the reciprocal data obtained by the calculation is interpolated, and the resulting data is out- 
putted as a result of calculation on the inverse characteristic data. 

53. A method of processing a read signal according to Claim 51 , characterized in that when the inverse characteristic 
15 data is calculated, a frequency decimation is effected on the analyzed data constituting the result of frequency 

spectrum analysis, a median filter processing is further effected on the remaining analyzed data after undergoing 
the frequency decimation to obtain the approximated characteristic data, the analyzed data constituting the ap- 
proximated characteristic data having undergone the median filter processing is subjected to calculation for ob- 
taining reciprocal data thereof, the reciprocal data obtained by the calculation is interpolated, and the resulting 
20 data is outputted as a result of calculation for the inverse characteristic data. 

54. A method of processing a read signal according to Claim 51 , characterized in that when the inverse characteristic 
data is calculated, a frequency decimation is effected on the analyzed data constituting the result of frequency 
spectrum analysis, the remaining analyzed data after undergoing the frequency decimation is compared with plural 

25 kinds of reference frequency characteristics prepared in advance, the reference frequency characteristic closest 

to the remaining analyzed data is determined as the approximated characteristic data, the reference frequency 
characteristic constituting the approximated characteristic data is subjected to calculation for obtaining reciprocal 
data thereof, the reciprocal data obtained by the calculation is interpolated, and the resulting data is outputted as 
a result of calculation for the inverse characteristic data. 

30 

55. A method of processing a read signal according to any one of Claims 52 to 54, characterized in that the reciprocal 
data is interpolated by using a first-order approximation to obtain the approximated characteristic data. 

56. A method of processing a read signal according to any one of Claims 51 to 55, characterized in that, as the 
35 inverse characteristic data, the reciprocal of the approximated characteristic data is calculated based on a refer- 
ence value. 

57. A method of processing a read signal according to any one of Claims 51 to 56, characterized in that the analyzed 
data and the inverse characteristic data are multiplied together to correct the result of the frequency spectrum 

40 analysis. 

58. A method of processing a read signal for use with an information reading apparatus comprising a signal acquiring 
unit for acquiring a signal containing binary digit information having apredetermined information length and deriving 
from information elements arrayed one-dimensionally on a medium, and a read signal processing unit for extracting 

45 an elemental frequency information corresponding to the elemental unit length of the information length of the 

binary digit information from the acquired signal, effecting a band limiting processing on the acquired signal based 
on the extracted elemental frequency signal, and thereafter reading a ratio of the information length of the binary 
digit information, the method of processing a read signal for use with the information reading apparatus carrying 
out further procedure upon extracting the elemental frequency by the read signal processing unit, the further pro- 

50 cedure comprising steps of: 

effecting a differentiation processing on the signal acquired by the signal acquiring unit in such a manner that 
the gain peak frequency is set to a value equal to or larger than the maximum frequency of the acquired signal 
in a signal acquisition allowable region; 
55 effecting a squaring processing on a signal having undergone the differentiation processing; 

analyzing the result deriving from the squaring processing based on frequency spectrums; 

calculating a characteristic data having a property inverse to an approximated characteristic data on the result 

of the frequency spectrum analysis; 
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correcting the result of the frequency spectrum analysis by using the inverse characteristic data obtained by 
' the calculation; and 

extracting a significant certain frequency except for 0Hz as the elemental frequency based on the result of the 
frequency spectrums analysis corrected. 

5 

59. A read signal processing apparatus comprising an elemental frequency extracting unit for acquiring a signal con- 
taining binary digit information having a predetermined information length and deriving from information elements 
arrayed one-dimensionally on amedium and extracting elemental frequency information corresponding to the el- 
emental unit length of the information length of the binary digit information from the acquired signal, and an infor- 
10 mation length ratio extracting unit for effecting a band limiting processing on the acquired signal based on the 

elemental frequency signal extracted by the elemental frequency extracting unit and thereafter extracting a ratio 
of the information length of the binary digit information, 
the elemental frequency extracting unit comprising: 



15 a differentiation processing unit for effecting a differentiation processing on the signal acquired from the me- 

dium in such a manner that the gain peak frequency is set to a value equal to or larger than the maximum 
frequency of the acquired signal in a signal acquisition allowable region; 

a squaring processing unit for effecting a squaring processing on a signal having undergone the differentiation 
processing in the differentiation processing unit; 
20 a frequency spectrum analyzing unit for analyzing the result deriving from the squaring processing effected 

by the squaring processing unit based on frequency spectrums; 

an inverse characteristic data calculating unit for calculating a characteristic data having a property inverse 
to an approximated characteristic data which results from the frequency spectrum analysis supplied from the 
frequency spectrum analyzing unit; 
25 an analyzed result correcting unit for correcting the result of the frequency spectrum analysis by using the 

inverse characteristic data obtained by the calculation by the inverse characteristic data calculating unit; and 
an extracting unit for extracting a significant certain frequency except for 0Hz as the elemental frequency 
based on the result of the frequency spectrum analysis corrected by the analyzed result correcting unit. 



30 60. A read signal processing apparatus according to Claim 59, characterized in that the inverse characteristic data 
calculating unit is arranged to include a decimation unit for carrying out a frequency decimation on the analyzed 
data constituting the result of frequency spectrum analysis supplied from the frequency spectrum analyzing unit, 
thereby to obtain the approximated characteristic data, a reciprocal data calculating unit for carrying out calculation 
for obtaining reciprocal data of the remaining analyzed data constituting the approximated characteristic data ob- 

35 tained by the decimation unit after undergoing the frequency decimation, and an interpolating unit for interpolating 

the reciprocal data obtained by the calculation by the reciprocal data calculating unit and outputting the resulting 
data as a result of calculation on the inverse characteristic data. 



61. A read signal processing apparatus according to Claim 59, characterized in that the inverse characteristic data 
40 calculating unit is arranged to include a decimation unit for carrying out a frequency decimation on the analyzed 

data constituting the result of frequency spectrum analysis supplied from the frequency spectrum analyzing unit, 
a median filter processing unit for further effecting a median filter processing on the remaining analyzed data after 
undergoing the frequency decimation in the decimation unit to obtain the approximated characteristic data, a re- 
ciprocal data calculating unit for carrying out calculation for obtaining reciprocal data of the analyzed data consti- 
45 tuting the approximated characteristic data which is obtained by the median filter processing unit, and an interpo- 

lating unit for interpolating the reciprocal data obtained by the calculation by the reciprocal data calculating unit 
and outputting the resulting data as a result of calculation on the inverse characteristic data. 

62. A read signal processing apparatus according to Claim 59, characterized in that the inverse characteristic data 
so calculating unit is arranged to include a decimation unit for carrying out a frequency decimation on the analyzed 

data constituting the result of frequency spectrum analysis supplied from the frequency spectrum analyzing unit, 
a reference frequency characteristic database for holding therein in advance a group of discrete data having a 
plurality of kinds of reference frequency characteristics, an optimum characteristic extracting unit for comparing 
the remaining analyzed data after undergoing the frequency decimation in the decimation unit with the reference 
55 frequency characteristics prepared in advance in the reference frequency characteristic database so as to extract 

discrete data having a reference frequency characteristic closest to the remaining analyzed data as the approxi- 
mated characteristic data, a reciprocal data calculating unit for carrying out calculation for obtaining reciprocal data 
of the discrete data constituting the approximated characteristic data, and an interpolating unit for interpolating the 
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reciprocal data obtained by the calculation by the reciprocal data calculating unit and outputting the resulting data 
as a result of calculation on the inverse characteristic data. 

63. A read signal processing apparatus according to any one of Claims 60 to 62, characterized in that the interpolating 
unit is arranged as a first-order equation approximation interpolating unit for interpolating the analyzed data at a 
frequency point decimated by the decimation unit with a first-order equation approximation. 

64. A read signal processing apparatus according to any one of Claims 59 to 63, characterized in that the inverse 
characteristic data calculating unit is arranged to calculate the reciprocal of the approximated characteristic data 
based on a reference value. 

65. A read signal processing apparatus according to any one of Claims 59 to 64, characterized in that the analyzed 
result correcting unit multiplies the analyzed data constituting the result of frequency spectrum analysis supplied 
from the frequency spectrum analyzing unit and the inverse characteristic data together to correct the result of the 
frequency spectrum analysis. 

66. An information reading apparatus composed of a signal acquiring unit for acquiring a signal containing binary digit 
information having a predetermined information length and deriving from information elements arrayed one-di- 
mensionally on a medium and a reading processing unit comprising an elemental frequency extracting unit for 
extracting elemental frequency information corresponding to the elemental unit length of the information length of 
the binary digit information from the acquired signal supplied from the signal acquiring unit and an information 
length ratio extracting unit for effecting a band limiting processing on the acquired signal based on the elemental 
frequency signal extracted by the elemental frequency extracting unit and thereafter extracting a ratio of the infor- 
mation length of the binary digit information, 

the elemental frequency extracting unit comprising: 

a differentiation processing unit for effecting a differentiating processing on the signal acquired from the me- 
dium in such a manner that the gain-peak frequency is set to a value equal to or larger than the maximum 
frequency of the acquired signal in a signal acquisition allowable region; 

a squaring processing unit for effecting a squaring processing on a signal having undergone the differentiation 
processing in the differentiation processing unit; 

a frequency spectrum analyzing unit for analyzing the result deriving from the squaring processing effected 
by the squaring processing unit based on frequency spectrums; 

an inverse characteristic data calculating unit for calculating a characteristic data having a property inverse 
to an approximated characteristic data on the result of the frequency spectrum analysis supplied from the 
frequency spectrum analyzing unit; 

an analyzed result correcting unit for correcting the result of the frequency spectrum analysis by using the 
inverse characteristic data obtained by the calculation by the inverse characteristic data calculating unit; and 
an extracting unit for extracting a significant certain frequency except for 0Hz as the elemental frequency 
based on the result of the frequency spectrums analysis corrected by the analyzed result correcting unit. 
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